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CONVERSATION I. 



INTRODUpTiON. 



The early History of Electricity^ 

Tutor. If I rub pretty bri^Iy 
with my hand this stick of sealing- 
wax, and then hold it near aoy small 
light substances, as little pieces of 
paper, the wax will attract them ; that 
is, if the wax be held within an inch ^ 
or less of the paper, they will Jump 
up, and adhere to it. 

Charles. They do : and I think I 
hare heard you call this the effect. «f 

VOL. 71. B 
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electricity ; but I do not know what 
electricity is. 

Tutor. It is the case with this part 
of science as with many others, we 
know it only by the effects which it 
producies. As I have not hitherto, 
in these Conversations, attempted to 
bewilder your minds with useless 
theories, neither shall I, in the present 
case, attempt to say what the elec- 
trical fluid is : its action is well known : 
it seems diffused over every portion of 
mi^r with which we are acquainted, 
and, by the use of proper methods, it 
k as easily collected from surrounding 
bodies as water is taken from a river. 

James. I see no fluid attaching to 
the sealing-wax when you have rub- 
bed it. 

Tutor. You do not see the air 
which you breathe, and with which 
you are Mrrounded. yet we have 
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shown yott* that it is a fluids ami 
may be taken from any vessel^ . at 
certainly, though not with so much 
ease, as water may be poured front 
this glass. With the exercise of a 
small degree of patience, you shall 
see such experiments as will not fail 
to convince you» that there is as cer- 
tainly a fluid, which is called the 
electric fluid, as there are such fluids 
as water and air. 

Charles^ Water must have been 
known since the creation, and- the 
existence of the air could not long 
remain a secret ; but who discovered 
the electric fluids which is not at aU 
evident to the sense either of sight 
or feeling ? 

Tutor. Thales, who lived six 
centuries before the Christian Bst^ 

• See Vol, IV* 
B 2 



4 ELECTRICITY. 

was the first who observed the eleo- 
trical properties of amber^ and he 
was so struck with the appearances, 
that he supposed it to be animated :— - 

Bright amber shines on his electric throne, 
And adds etherial lostre to his own. 

Dabwik. 

* James. Does amber attract light 
bodies, like sealing-wax ? 

Tutor. Yes, it does; and there 
are many other substances, as well as 
these, that have the same power. 
After Thales, the first person we read 
of that noticed this subject was Theo- 
phrastus, who discovered that tour^ 
malin has the power of attracting 
light bodies. It does not, however, 
appear that the subject, though very 
curious, excited much attention till 
about 200 years ago, when Dr. 6iU 
bert, an English physician, examined 
a great variety of substancesi with 
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the view of ascertaining bow &r they 
might or might npt he ranked among 

Charles. Whgl 19 meant hy an 
electric f 

Tutor, Any substancej which b&r 
ing »cited or robhtd by the band, 
or by a woollen cloth, or otbar meaaik 
and which has the pow^ of attracting 
light bodies, is called an electric. 

James. Is not electricity accom« 
panied with a peculiar kind of light, 
and with sparks ? 

IWor. It is, of which we shall 
speak more at large hereafter: the 
cdehcated Mr. Boyle is supposed to 
have been one of the first persona 
who got a glimpse of the electrical 
lig^t, or who seems to have noticed 
it, by rubbing a diamond in the 
dark. But he little imagined, at 
that time, what astonishing efSK^ 
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would afterwards be produced by 
the same power. Sir Isaac Newton 
was the first who observed^ that ex- 
cited glass attracted light bodies on 
the side opposite to that on which it 
was rubbed. 

Charles. How did he make the 
diseoverf ? 

Tutor. Having laid upon the ta- 
ble a round piece of glass, about two 
inches broad/ in a bmss ring, by 
which it was raised from the table 
about the eighth of an inch, and then 
rubbing the glass, some little bits of 
paper which were under it were at- 
tracted by it, and moved very nimbly 
to and from the glass. 

Charles: I remember standing by 
a glazier when he was cementing, 
that is, rubbing ov^r some window- 
light;s with oil, and cleaning it off 
with a stiff brush and whitings and 
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the little pieces of whiting uodtr the 
glass kept oontinaaUy leaping up 
and down, as the brush moved over 
the glass. 

Tutor. That .was, undoubtedly, 
an electrical appearance of the same 
kind, but I do not remember having 
ever seen it noticed by any writer* on 
electricity. ^ A complete history of 
this science is given by Dr. Priestley, 
which will, hereafter, afford you much 
entertainment, and interesting in- 
struction. To-morrow we shall enter 
into the practical part of the subject : 
and I doubt not, that the experiments 
in this part of science will be as in- 
teresting as those in any other which 
you have been studying. The elec- 
tric light, exhibited in different forms ; 
the various signs of attraction and 
repulsion acting on all bodies; the 
electric shock, and the explosion of 
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the battery, will give ymi pteasurea 
and excite your admiration. 

The peculiar phenomena, which 
attend electrical attraction and re* 
pulsion, are highly .deserving of at- 
tenttve consideration ; for upon them 
the subject ef electricity depends.^ 
Though their effects are striking, and 
though they have been exhibited un- 
der an endless variety of forms, yet 
the true cause upon ndiich they de- 
pend is not y^t f uUy understood. 
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CONVERSATION IL 



Of Electric Attraction and RepuU 
sion^^Of Electrics and Conductors. 

Tutor. You must, for a little 
time, that is, till we exhibit before 
you experiments to prove it, take it 
for granted, that the earth and all 
bodies with which we are acquainted, 
contain a oertain quantity of exceed- 
ingly elastic and penetrating fluid, 
which philosophers call the electric 
fluid. 

Charles. You say a certain quan* 
tity : is it limited ? 

Tutor. Like other bodies, it un- 
doubtedly has its limits : this glass 
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will hold a certain quantity of water, 
but if I attempt to pour into it more 
than that quantity a part will flow 
over. So it is with the electric fluid : 
there is a certain quantity which be- 
longs to all bodies^ and this is called 
their natural quantity, and so leng af 
a body contains neither more nor less 
than this quantity, no sensible effect 
is produced, 

James. Has this table electricity 
in it ? 

Tutor. Yes, and so has the inkr 
3tand, and every thing else in the 
room ; and, if I were to take proper 
means to put more into it than it 
iiow has, and you were to put your 
knuckle to it, it would throw it out 
in the shape of sparks. 

James. I should like to see this 
done. 

Charles. But what would happen 
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if yoa should takd away some of its 
natural quantity ? 

Tutor. Wliy then, if you presented 
any part of your body to the table, 
as your knuckle, a spark would go 
from you to the table. 

James. But perhaps Charles might 
not have more than his natural share, 
and, in that case, he could not spare 
any. 

Tutor. True ; but to provide for 
this, the earth on which he stands 
would lend him a little, to make up 
for what he parted with to the table. 

James. This must be an amusing 
study ; I think I shall like it better 
than any of the others. 

Tutor. Take care that you do not 
pay for the amusement before we 
have done. 

c 

' Here is a glass tube about eighteen 
inches k>Dg^ and perbapar ao^ inch or 
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moie in dUameter ; I rub it up aitd 
down quickly in my band^ which is 
dry and warm, and now I will pre* 
sent it to these fragments of paper^ 
thready and gold-leaf: you see they 
all move to it« That is caUed elec-^ 
trical attraction. 

Charks* They jump back again 
now; and now they return to the 
glass. 

Tutor. They are, in fact, alter- 
nately attracted and repelled, and 
this will last several minutes, if the 
glass be strongly excited. I will 
rub it again: present your knuckle 
to it in several parts, one after an- 
other. 

James, What is that snajqping? 
1 feel, likewise, something like the 
pricking of a pin. 

Ttaor. The snapping is occa<« 

sianed by little sparks which come 
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ftond the tube to your knuckle^ and 
these give the sensation of pain. 

Let us go into a dark room^ and 
repeat the experiment. 

Charles. The sparks are evident 
enough now; but I do not know 
ivhere they can come from. 
, Tutor. The air and every thing 
is full of the fluids which appears in 
the shape of sparks ; and, whatever 
be the cause, which I do not at- 
tempt to explain, the rubbing of the 
glass with the hand collects it from 
the air, and^ having now more than 
its natural share, it parts with it to 
you, or to me, or to any body else 
that may be near enough to re- 
ceive it. 

James. Will any other substance 
besides the hand excite the tube ? 

Tutor. Yesi many others, and 
these, in this science, are called the 

VOL. VI. c 
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rubbers ; and the glass tube^ or what-i 
ever is capable of being thus excitedt 
is called an electric. 

Charles. Are not all sorts of solid 
Substances capable of being excited ? 

Tutor. You maj rub this poker, 
or the round ruler, for ever, with* 
out obtaining an electric spark from 
it. 

James. But you said one might 
get a spark from the mahogany table, 
if it had more than its share. 

Tutor. So I say you may have 
sparks from the poker, or ruler, if 
they possess more than their common 
share of the electric fluid. 

Charles. How do you distinguish 
between bodies that can be, and those 
that cannot be, excited ? 

Tutor. The former, as I have 
told you, are called electrics f as the 
glim tube} the latteVf such m iSad 
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jfcker^ the ruler^ your body, and a 
thousand other substances, are deno 
minated conductors. 

Charks. I should be glad to know 
the reason of this distinction, be^ 
pause I shall be more likely to re- 
member it. 

. Tutor^ That is right : when you 
held your knuckle to the glass tube, 
you had several sparks frcHn the dif- 
ferent parts of it : but if I, by any 
means^ overcharged a conductor, as 
this poker, all the electricity will 
come away at a single spark, because 
the superabundant quantity flows in- 
stantaneously from every part to that 
point where it has an opportunity of 
getting away. I will illustrate this by 
an experiment* But first of all let me 
tell you, that all electrics are called 
.fdso non-conductors. 
, James* Do you call the glass tube 

c 3 
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a non-conductor, because it do^ not 
suffer the electric fluid to pass from 
one part of it to another ? 

Tutor. I do : silk, if dry, is a 
non-conductor. With this skein of 
sewing-silk, I hang the poker, or 
other metal substance a, to a hook 
in the ceiling, so as to 

« 

be about twelve inches 
from it; underneath, 
and near the extre- 
mity, are some small 
substances, as bits of 
paper, &c. I will ex- 
cite the glass tube, and 
present it to the upper 
part of the poker. 

Charles. They are all attracted ; 
but, now you take away the glass, 
they are all quiet. 

Tutor. It is evident that the elec- 
tric fluid passed fron^ one part of the 
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tube through the poker, which is a 
conductor to the paper, and attracted 
it :-^if the glass be properly excited 
you may take sparks from the poker. 

James. Would not the same hap- 
pen if another glass tube were placed 
in the stead of the poker ? 

Tutor. You shall try.— Now I 
have put the glass in the place of the 
poker, but let me excite the other 
tube as much as I will, no effect can 
be produced on the paper :— 4here are 
no signs of electrical attraction, which 
shows, that the electric fluid will not 
pass through glass. 

Charles. What would have hap- 
pened if any conducting substance had 
been used, instead of silk, to suspend 
the iron poker ? 

Tutor. If I had suspended fhe 
poker with a moistened hempen 
string, the electric fluid would have 

c3 



18 SLSCTRldlTV* 

all passed away through that, and 
there would have been no (or very 
trifling) appearance of electricity at 
the end of the poker. 

You may vary these experiments 
till you make yourselves perfect with 
regard to the distinction between 
electrics and conductors. Sealing- 
wax is an electric, and may be excited 
as well as a glass tube, and will pro- 
duce similar effects. I will give you 
a list of electrics, and another of con- 
ductors, disposed according to the 
order of their perfection, beginning 
in each list with the most perfect of 
their class: thus glass is a better 
electric than amber, and gold a better 
conductor than silver. 
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TA 

Elsctrics. 

Glass of all kinds. 

» 

All precious 8tones> 

the most transpa« 

real Ihe best. 
Amber. • 
Sulphur. 
All resinous sub- 

stances. 
Wax of all kinds. 
3ilk and optton. 
Dry external sub- 

stances^ as feathers, 

wool, and hair. 
Paper; loaf sugar. 
Alf, when quite dry. 
Oils and metallic ox« 

ides.* 
Ashes of animal 

and vegetable sub<* 

stances. 
Most hard stones. 



BLE« 

Conductors. 

All the metals, in the 
following order : 

Gold ; silver ; 

Copper; platina; 

Brass ; iron ; 

Tin; quicksilver; 
, Lead. 

The semi-metals. 

Metallic ores.* 

Charcoal. 

The fluids of an ani- 
mal body. 

Water, especially salt 
water^ and other 
fluids, except oil. 

Ice, snow. 

Most saline sub* 
stances. 

Earthy substances. 

Smoke; steam; and 
even a vacuum* 



* This ahd other chemical terms are explained, 
and familiarly illustrated, in a work, by the author 
of the Scientific Dialogues, entitled << Dialogues 
iw Chbmistby," &c. y <\ \ }f( ^' ^ 
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CONVERSATION IIL 



Of the Electrical Machine. 

Tutor. I will now explain to 
you the construction of the electrical 
machine, and show you how to use it. 

Charles. For what purpose is it 
used? 

Tutor. Soon after the subject of 
the electric fluid engaged the atten* 
tion of men of science, they began to 
contrive the readiest methods of col- 
lecting large quantities of it. By 
rubbing this stidk of sealing-wax I 
can collect a small portion : if I ex- 
cite or rub the glass tube^ I get still 
more. The object, therefore, was to 
find out a machine by whi^cdb th^ 
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largest quantities can be oollected^ 
with as little trouble and expense as 
may be. 

James. You get more electricity 
from the tube than from the sealing- 
wax^ because it is five or six times as 
large : by increasing the size of the 
tube, you would increase the quan-^ 
tity of the electric fluid, I should 
think. 

Tutor. That is a natural conclu- 
sion. But if you look to the table of 
electrics, which I made out yester- 
day, you will see, that, had t|ie wax 
been as large as the glass tube, it 
would not have collected so much ef 
the electric fluid, because, in its 
own nature, it is not so good an 
electric. 

Charles. In that ta|)le glass stands 
as the most perfect electric, but there 
fure several substances, between it and 
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yrax, all of vrhich are, I beliere, bom 
perfect electrics than wax. 

Tutor. They are: electricians^ 
therefore, had no hesitation as to the 
nature of the substance : they fixed 
on glass, which, being easily melted 
and run or blows into all sort* of 
fbrBH, is, cm that account, very to* 
luahle. 

The most common form that 19 
now used is that of a glass cylinder. 



from five or six inches in diameter 
' to ten or twelve. Here is one conN 
I^etely fitted up. The cinder A b is 
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about eight inehes in diametar^ and 
twelve or fourteen in length : this I 
tarn round in the firame work, with 
the handle D c. 

James. What is the piece of black 
silk K for? 

Tutor. The cylinder would be of 
no use without a rubber you know; 
on which account you see the glass 
pillar BS, which) bding cemented 
into a piece of hard wood» is made 
to sa:ew into the bottom of the mar 
chine ; on the pillar is a cushion, to 
which is attached a piece of black 
silk. 

. Charles. And I perceive the 
cudiion is made to press hard against 
the glass* 

TkUor. This pressure, when the 
cylinder is turned round tsatf acts 
precisely like the rubbing of the tube 
iiy the iuud^ though in a stitt aiore 
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perfect manner. I mil tiam h 
round. 

James. Here is not much sign of 
electricity yet. 

Tutor* No : the machine is com- 
plete, but it has no means. of collect^ 
ing the fluid from the surrounding 
bodies : for you see the cushion or rub- 
ber is fixed on a glass pillar, and glass 
wUl not conduct the electric fluid. 

Charles. Neverthdess^ it does^ t^ 
turning round, show some signs <if 
Attraction. 

Tutor. Every body in nature with 
which we are acquainted possesses a 
portion of this flQid^ and therefore 
the signs^ which are now evideQt> 
arise from the small quantity whiqh 
exists in the rubber itself, and the 
atmosphere that immediately smv 
•rounds the machine. 

Charles. Would the case be differs 
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V tut tf^the rubber wexe fix^ on a cbn^ 
ducting substance instead of glass ? 

Tutor. It would; but there is a 
much easier method: I will hang 
this brass chain to the cushion at B; 
which, being several. £eet long, lies on 
the table or on the floor^ and this 
you know is conneoted^ by means 
of other objects^ with the earth, which 
is the grand reservoir of the electric 
fluid. Now see the eSect of turning 
round the cylinder; but I must make 
every part of it dry and rather warm, 
by rudi)biiig it with a dry warm 
dotlu 

Jamesi. It is indeed very powerful. 
What a crackling noise it makes ! 

Tutor. Shut the windowoshutters^ 

Charles. The appearance is very 
beautiful : the flashes from the silk 
dart all round the cylinder. 

TuUor. I wUl now bring to the 

VOL. yu J> 



SB fitBCTRiom* 

€]rlinder the tin oradttctdr t^, wfafeh 
is also placed on a gkss pillar^ F K^ 
fixed in the stand at F. 

James. What are the points in the 
tin condnetoy for ? 

Tutor. They are intended to cd- 
leet the fluid from the cylinder. I 
will turn the cylinder, and do you 
hdd your knuckle within four or five 
inches of the conductor. 

Charles. The painful sensations, 
which these spaiks occasion, prove 
that the electric fluid is a very power- 
fal agent when collected in large 
quantities. 

Tutor. To «how you the nature 
of conducting bodies, I wfll now 
throw another brass chain over the 
conductor, so that one end of it may 
lie on the floor. See now if you can 
get any sparks while I turn the ma^ 
icyn«# 



. Jmni$4 No» I cmk get nme, put 
my knudde at near to it as I will.— « 
Does it all ran away by the diain? 

Tutor, It does ; a piece of brass 
or iroa wire would do as wdl; and 
so would any conducting substance 
^ich touched the conductor with 
one end» and the floor with the other r 
your body would do as well as the 
diain« Place your hand on. the con- 
ductor^ while I turn round the c^lin-f 
der: and let ycmr brother faring his 
Ipnuckle near the conductor. 

Charhs. I can get no spark. 

Tutor. It runs through James to 
the earthy and y<m see his body is a 
conductor as well as the chain. With 
1^ vexj little contrivance I can take 
sparks from you or James as well as 
you did firom th^ conductor. 

James. I should like to see how 
tihat is done^ 

d2 
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Tutor. Here is a small stoolt har« 
iDg a mahogany top and glau legB. 
If 70U stand on that, and put your 
hand on the conductor, the electridly 
will pass from the conductor to your 
body. 

Charles, Will the glass legs pre- 
vent it from running from him to the 
earth? 

Tutor. They will : and therefore 
what he receives from the conductor, 
he wiU be ready to part with to any 
of the surrounding bodies, or to you, 
if you bring your hand near enough 
to any part of him. 

James. The sparks are more pain- 
ful in coming through my clothes 
than when I received them on my 
bare hand. 

Tutor. They are : you understand, 
I hope, the process. 

Charles. By means of the chain 



trajlng on the ground, the dectrio 
fluid u collected from the earth on the 
ghw cylioder, which gives it through 
the points to the conductor ; from this 
it may be conveyed away again by 
means of other conductors. 

Tutor. Whatever body is sup- 
ported, or prevented from touching 
the earth or communicating with it, 
by means of glass, or other non-con- 
ducting substances, is said to be ith 
sulated. Thus, a body suspended on 
a silk line is insulated ; and so is any 
substance that stands on glass, or re- 
sin, or wax, provided that these are 
in a dry state, for moisture will con- 
duct away the electric fluid from any 
charged body. 

Hence you will understand the 
construction of electrical machines, 
which are so formed as, by excitation, 

d3 
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to collect the fluid, which cannot 
escape again, owing to the glass cy- 
linder, globe, or plate, being insu« 
lated. 
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CONVERSATION IV. 



Of the Electrical Machine. 

Charles, What is that shining 
substance which I saw you put to th $ 
rubber yesterday ? 

Tutor. It is caUed amalgam : the 
rubber, by itself, would produce but 
a slight excitation : its power, how- 
ever, is greatly increased by laying 
upon it a little of this amalgam, which 
is made of quicksilver, zinc, and tin« 
foil, with a little tallow or mutton- 
suet. 

James. Is there any art required 
in using this amalgam ^ 

Tutor. When the rubber and silk 
flap are very clean and dry, and in 
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their place, then spread a little of the 
amalgam upon a piece of leather^ and 
apply it to the upper part of the 
glass cylinder while it is revolving 
from you; by this means, particles 
of the amalgam will be carried by the 
glass itself to the lower part of the 
rubber, and will increase the recita- 
tion, 

Charles. I think I once saw 9 
globe, instead of a cylinder, for an 
electrical machine. 

Tutor. You might : globes were 
used before cylinders, but the latter 
are the more convenient of the two. 
.The most powerful electrical ma- 
chines are fitted with flat plates of 
glass. In our experiments we shall 
be content with the cylinder, which 
will answer every purpose of explain- 
ing the principles of the science. 

James. As I wa3 able to copduct 
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the electricity from the conductor to 
the grounds could I likewise act the 
part of the chain, by conducting the 
fluid from the earth to the cushion ? 

Tutor. Undoubtedly : I will takc^ 
off the chain, and now do you keep, 
your hand on the cushion while I 
turn the handle. 

James. I see the machine works 
as well as when the chain was on the 
ground. 

7\Uor. Keep your present position, 
but stand , on the stool with glass 
legs ; by which means there is now 
all communication cut off between 
the cushion and the earth ; in other 
words, the cushion is completely insu- 
lated, and can only take from you 
what electricity it can get from your 
body. Go, Charles, and shake hands 
with your brother. 

Charles. It does not appear that 
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the nmchine had taken all the ekcu 
tiicity from hinii for he gave me a 
smart spark. 

Tutor. You are mistaken ; he gave 
jrou nothing, but he took a spark from 
you. 

Charles. I stood on the ground ; 
I was not electrified : how then coukl 
I give hiin a spark ? 

Tutor. The machine had takw 
from James the electricity that wan 
in his Body, and, by standing on the 
stool, that is, by being insulMed, he 
had no means of receiving any more 
from the earth, or any surrounding 
objects : the moment, tfaerefcnre, you 
brought your hand near him, the 
electricity passed from you to him. 

Charles. I certainly felt the spark ; 
but whether it went out of, or entered 
into, my hand, I cannot tell : have I 
then less than my share now? ^ 



Tutor. No 4 what you gave te 
your brother was supplied immedi« 
Atelf from the earth. Here is an- 
other glass Pegged stool ; do you stand 
on this, but at the distance of a foot 
or two from your brother, who still 
keeps his place. I take the electri-^ 
dty frma him by turning the ma- 
chine, and^ as he stands on the 8tod> 
he has now less than his share. But 
you have your natural share, because, 
though you also are insulated, yet 
you are out of the influence of the 
machine; extend, therefore, your 
hand, and give him a part of the 
electric fluid that is in you. 

Charles. I have given him a 
sparic. 

Tutor. And, being yourself insu- 
lated, you have now less than your 
natural quantity, to supply which; 
TouAaK bavc wme from me: give 
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me your hand. Yoa draw it bade 
without my touching it ! 

diaries. I did, but it was near 
enough to get a strong spark from you. 

Tutor. When a person has lea 
electricity than his natural share he 
is said to be electrified minus, or ne« 
gatively : but, if he has more than his 
natural share, he is said to be elec- 
trified plus, or positively. 

James. Then, before Charles gave 
me the spark, I was electrified minus : 
and, when he had given it me, he was 
minus till he received it from you. 

Tutor. That is right. Suppose 
you stand on a stool and hold the 
rubber, and Charles stand on another 
stool, and touch the prime conductor 
X, while I turn the machine, which 
of you will be plus^ and which minus 
electrified ? 

James^ I AaU be minus^ beoause 
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I giTe to the rubber: and Charles 
will be plus, becausje he receives firom 
the copductor what I gave to the rub* 
ber, and which is carried by the 
cylinder to the conductor. 
, Tutor. You then have less than 
your share, and your brother has 
more than he ought to have* Now, 
if I get another glass legged-stool, \ 
can take from Charles what he ha$ 
too much, and give it to you . who 
have too little. 

Charles. Is it necessary that you 
should be insulated for this purpose? 

^tor. By being insulated, I may; 
perhaps, carry back to James the 
very electricity which passed from him 
to you. But, if I stand on the grounci, 
the quantity which I take from you 
will pass into the earth, because I 
cannot, unless I am insulated, retai^i 
more than my natural share. 

VOL. VI. E 
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James. And what is giren by you 
to me is likewise instantoneously sujh 
{died by tiie earth. 

Tia^r. It is. Let tis make an- 
other experiment to show that the 
electric fluid is taken from the earth. 
Here are some little balte 
made of the pith of 
elder : they are put dn the 
thread cd^ and, being 
very lighti are well 
adapted to our purpose. 

While the chain is on the cushion, 
and I work the machine, do you bring 
the balk near the conductor, by hild- 
ing the thread at D. 

James. They are attracted by it i 
and now the two baHs repel each 
othei*, as in the figure x. 

Tutor. I ought to have told you, 
that the upper part d of the line is 
Silk, by which means you know the 




ll^aUs are insulated^ as silk is a non^ 
conductor. I take the cfaaia off from 
the cushion apd put it on the Qon-* 
ductor» so as to hang on the ground^ 
while I turn the machine. Will the 
balls be affected now, if you hold 
them to the conductor ? 

Jarne^* No, they are not. 

Tutor. Take them to the cushioiif 

QharUsn They are attracted and 
repelled now* by being brought near 
the cushion, as they were before hg 
being carried to the conductor. 

Tutor. Yes« and you may takf 
sparks from the cushion as you did 
just now from the conductor: in 
both cases it must be evident that 
the electric fluid is brought from the 
earth. 

Some machines are furnished with 
two conductors^ one of which is cqx^ 
nected with the cushion, the other 

£2 
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such as we have described. Turn 
the cylinder, and both conductors 
will be electrified: but any body 
^htth is brought within the influence 
of these will be attracted by one of 
the conductors, and repelled by the 
other: and, if a chain or wire be 
made to connect the two together, 
neither will exhibit any electric ap- 
pearances: they seem, therefore, to 
be in opposite states; accordingly^ 
electricians say, that the conductor 
connected with the cushion is nega* 
lively electrified, and the other is 
positively electrified. 

Machines of this kind have been 
much used for medical purposes. But, 
on occasions when electricity is ap- 
plied to the art of healing, there are 
several other instruments necessary, 
which will be described hereafter. 
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CONVERSATION V. 



Of Electrical Attraction and 
Repulsion. 

JlMES^ What is this lai^ rc41 
of sealing-^wax fcac ? 

Tutor. As X mean to explain^ 
tins morning, the principles of dec-* 
trical attraction and repukion, I 
Iiave^ besides the electrical machine, 
brought out for use a roll of sealing* 
wax, which is about fifteen inches 
long, and an inch and a quarter in 
diameter^ and the glass tube. 

Charles. Are they not both 

£3 
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electrics, and capable of being ex- 
cited? 

Tutor. They are; but the elec- 
tricity produced by exciting them has 
different or contrary properties. 

James. Are there two kinds of 
electrics then ?. 

Tutor. We will show you an 
experiment, before we attempt to 
give any theory. — I will excite the 
glass tube, and Charles shall excite 
the wax* Now do you bring the 
pith-balls, which are suspended oa 
,silk to the tube. They are suddenly 
drawn to it, and now they are re* 
pelled from one another and like- 
wise from the tube, for you cannot 
easily make them touch it again :«— 
but take them to the excited wax. 

James* The wax attracts them 
Very powerfully: now they fall to* 
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gether again, and appear in the 
same state as they were in before 
they were brought to the excited 
tube. 

Tutor. Repeat the experiment 
again and again, because on this» 
two different theories have been 
fcrmed ; one of which is, that there 
are two electricities, called, by some 
philosophers, the vitreous, or positive 
electricity, and resinous, or negative 
electricity. 

Charles. Why are they called 
vitreous and resinous ? 

Tutor. The word vitreous is Latin, 
and signifies any glassy substance; 
and the word resinous, used to de- 
note that the electricity produced by 
resins, wax, &;c. possesses different 
qualities from that produced by glass. 

James. Is it not natural to .sup< 
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pose that there are two dectricitiefl^ 
since the excited wax attracts the 
very same bodies that the excited 
glass repels ? 

Tutor. It may be as easily ex- 
plained, by supposing that every 
body, in its natural state^ possesses 
a certain quantity of the electrie 
fluid, andy if a part of it be taken 
away, it endeavours to get it fronpi 
other bodies ; or, if more be thrown 
upon it than its natural quantity, it 
yields it readily to other bodies that 
come within its influence. 

Charles. I do not understand this« 
Tutor. If I excite this glass tube^ 
the electricity which it exhibits is 
supposed to come from my hand; 
but, if I excite the roll of wax in the 
same way, the effect is, according to 
this theory, that a part of the elec- 
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trie fluid, naturally bekmging to thil 
wax, passes fron%it through my hand 
to the earth: and the wax, being 
surrounded by the air, which, in 
its dry state, is a nonHX>nductor» 
iremains exhausted, and is ready to 
take sparks from any body that may 
be presented to it. 

James. Can you distinguish that 
the sparks come from the glass to the 
hand; and, on the contrary, from 
the hand to the wax ? 

Tutor. No: the velocity with 
which the electric spark moves ren^ 
ders it impossible to say what course 
it takes ; but I shaU show you other 
experiments which seem to justify 
this, theory : and, as Nature always 
works by the simplest means, it seems 
more consistent with her usual ope* 
rations^ that there should be one fluid 
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rather than two^ provided that knoi^ 
facts can be equally well aocounted 
for by one as by two. 

Charles. Can you account for all 
the leading facts by either tbecny ? 

Tutor. Yesp we can. You saw 
when the pith-balls were electrified 
they repelled one another. It is a 
general priticiple in electricity^ that 
two bodies^ having more than their 
natural share .of the electric fluids 
will repel ope another. But if one 
have more and the other less than its 
share they will attract one another, 

James* How is this shown ? 

Tutor. I will hold this ball» which 
is insulated, by a silk thread, to the 
conductor^ and do you, Charles, do 
the same with the other. Let us 
now bring them together. 

Charles. No, we cannot : they fly 
from one anothert 
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7\itor. I will hold mine to the 
insniated cushion, and you shall hold 
yours to the conductor while the ma- 
chine is turned : now I suspect they 
will attract one another. 

James. They do indeed. 

Charles. The reason is this, that 
the cushion, and whaterer is in con« 
tact with it, parts with a portion of 
its electricity; but the conductor^ 
and the adjoining bodies, have more 
than their share ; therefore, the ball 
applied to the cushion being nega-^ 
tively electrified win attract the one 
connected with ih6 conductor, which 
is positively electfified. 

Tutor. Here is a tuft of feathers, 
which I stick in a small hole in the 
conductor: now see what happens 
when I turn the cylinder. 

James. They all endeavoar to 
avoid each other, and stand erect, in 
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a beautiful manner. Let me take 
a spark from the conductor: now 
they fail down in a moment. 

Tutor. When I turned the wheels 
they all had more than their share 
of the electric fluids and therefore 
they repelled one another; but the 
moment the electricity was taken 
away» they fell into their natural po- 
sition. A large plume of feathers, 
when electrified, grows beautifully 
turgid, expanding its fibres in all 
directions, and they collapse when the 
electricity is taken off. 

James. Could you make the hairs 
on my head repel one another ? 
. Tutor. Yes, that I can. Stand 
on the glass-legged stool, and hold 
the chain that hangs on the con- 
ductor, in your hand^ while I turn 
the machine. 
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r Charles. Now your hairs stand 
all an end. 

James. And I Ifeel something like 
cobwebs over my face. 

Tutor. There are, however, no 
cobwebs, but that is the sensation 
which a person always experiences 
if he be highly electriaed. Hold the 
pith-ball, Charles, near your brother^s 
face. 

James. It is attracted in the same 
manner as it was before with the 
conductor. 

Tutor. Hence you may lay it 
down as a general rule, that all light 
substances coming within the influ- 
ence of an electrified body ai« at- 
tracted by it, whether it is electrified 
positively or negatively. 

Charles. Because they are attracted 
hy the positive electricity to receive 
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some of the supetabundant quantity ; 
and by the negative to give away 
some that they possess. 

Tutor. Just so: and when they 
have received as much as they can 
contain, they are repelled by the 
electrified body. The same thing may 
be shown in various ways. Having 
excited this glass tube, either by 
drawing it several times through my 
hand or [by means of a piece of flan- 
nel, I will bring it near this small 
feather. See how quickly it jumps 
to the glass. 

James. It does, and sticks to it. 

Tutor. You will observe, that, 
after a minute or two, it will have 
taken as miich electHcity from the 
tube as it can hold, when it will sud-. 
denly be repelled, and jump to the 
nearest conductor; upon whidi it 
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clectfioit/ that it has aoquifed. 

James* I see it 13 now goit^ to 
the grottnd» that beiog the nearest 
conciuctor. 

Tutor. I will preyrat it, by hold- 
ing the electrified tube between it 
luad the floor. You see how unwill^ 
ing it is to come again in contact 
with the tube: by pursuing, I can 
drive it where I please without touch^ 
ing it. 

Ckarka. That is, because the glass 
and the feather are both loaded with 
the same electricity. 

Tutor* Let the feather touch the 
ground, or any other conductor, and 
you will see that it will jump to the 
tube as fast as it did before. 

I will suspend this brass plate, 
whidi is about five inches inj|i^e«' 
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ter, to the conductor/ and at the dis- 
tance of three or four inches below 
I will place some small feathers, or 
bits of paper cut into the figures of 
men and women. They lie verj 
quiet at present; observe their mo- 
tions as soon as I turn the wheel. 
" James. They exhibit a pretty 
country dance : they jump up to the 
top plate, and then down again. 
' Tutor, The same principle is evi- 
dent in all these experiments. . The 
upper plate has more than its own 
share of the electric fluid, which 
attracts the little figures : as soon as 
they have received a portion of it, 
they go down to give it to the lower 
plate ; and so it will continue till the 
upper plate is discharged of its supers- 
abundant quantity. 

I will take away the plates, and 
l^ang a chain on the conductor, the 
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eid of which shall He in severai folds 
in a glass tumbler; if I turn the 
machine^ the electric fluid will run 
through the chain, and will electrify 
the inside of the glass. This done, 
I turn it quickly over eight or ten 
small pith-balls^ which lie on the 
table. 

Charles. That is a very amusing 
sight : how they jump about ! They 
serve also to fetch the electricity from 
the glass and carry it to the table. 

Tutor. If, instead of the lower 
metal plate, I hold in my hand a pane 
of dry and very clean glass, by the 
comer, the paper figures, or pith- 
balls, will not move, because, glass 
being a non-conductiug substance, it 
has po power of ca.rrying away the 
superabundant electricity from the 
plate suspended from the conductor. 
But, if I hold the glass flat in my 

F 3 



&k ,; BXiECTRJCmr. 

han4 the figures will be attracted 
and repelled, which shows that, the 
electric fluid will pass through thiu 
glass. 

Take now the following results, 
and commit them to your memory. 

(1.) If two insulated pith^balls be 
brought near the conductor, they will 
repel each other. 

(2.) If an insulated conductor be 
connected with the cushion, and two 
insulated pith-balls be electrified by 
it, they will repel each other. 

(3.) If one insulated ball be eleo* 
trified by the prime conductor, and 
another by the conductor connected 
with the cushion, and they be 
brought near, they will attract each 
other. 

(4.) If one ball be electrified by 
glass, and another by wax, they will 
attract each other. 
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(5.) Jf one ball be electrified by a 
smooth, and another by a rough, ex- 
dted glass tube, they will attract one 
another. 
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CONVERSATION VI. 



Of Electrical Attraction and 
Repulsion. 

Tutor. I will show you another 
instance or two of the effects of elec* 
trical attraction and repulsion. 

This apparatus consists of three 
bells suspended 
from a brass wire, 
the two outer ones 
by small brass 
chains ; the middle 
bell, and the two 
clappers, j^a^y are suspended on silk. 
From the middle bell there is a chain 
N, which goes to the table, or any 
other conducting substance. The bells 
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are now to be hung by c on' the con- 
ductor^ and the dectrical machine to 
be put in motion. 

James. The clappers go from bell 
to bell» and make very pretty music : 
how do you explain this ? 

Tutor. The electric fluid runs 
down the chains a and b to the bells 
AB, these, having more than tbdr 
natural quantity, attract the clappers 
«r .r, which take a portion from A and 
B, and carry it to the centre bell N, 
and this, by means of the chain, con- 
veys it to the earth. 

Charles, Would not the same 
effect be produced if the clappers were 
not suspended on silk. 

Tutor, Certainly not : nor will it 
be produced if the chain be taken 
away from the bell n, because then 
there is no way left to carry off the 
electric fluid to the earth. 
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Another amu^g experiment is 
thus made. Let there be two wires 
placed exactly one above anotter, and 
parallel ; the upper one must be sus- 
pended from the conductor, the other 
is to communicate with the taUe. 
A light image placed between these 
will, when the conductor is elecfkri^ 
fied, appear like a rope dancer^ 

This piece of leaf-brass is called 
the electric Jish ; cme end is a sort of 
obtuse angle, the other is ftcute; if 
the' large end be presented towards 
an electrified conductor^ it will at- 
tach itself to it, and from its waver- 
ing motion, will appear to be ani- 
mated. 

This property of attraction and re« 
pulsion has led to many inventions 
of instruments called electrometers. 

Jamei. Is not an electrometer a 
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to measure the stre&gth of 
tbe electricity ? 

Tutor. Yes; and tiiis is one of 
tibe most simple^ and it de- 
pends enturely upon the 
repiil»os which takes place 
between two bodies in a 
state of jdlectrification. It 
eon^ts of a light rod and 
a pith-baU, haling parallel 
to the stein^ but turning on tiie centre 
of a semidrde^ so as to keep dose to 
its graduated limb. This is to be 
placed in a hole a on the conductor liy 
(see fig. p. S2.) and accordingly as the 
conductor is miore car less electrified^ 
the ball will fly faifther from tbe ^m* 

Charles. If the circular part be 
marked with degrees, you may as- 
certain^ I suppose, pretty accurately^ 
the atrragth of any give& chaige* 
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Tutor. Yes, you may; but you 
see how fast the air carries away the 
electricity; it scarcely remains a 
single moment in the place to which 
it was repeUed. Two pith-balls may 
be suspended parallel to one another, 
on silken threads, and applied to any 
part of an electrical machine, and 
they will, by their repulsion, serve 
for an electrometer; for they will 
repel one another the more as the 
machine acts more powerfully. 

James. Has this any advantage 
over the other ? 

Tutor. It serves to show whetfam* 
the electricity be negative or posi- 
tive ; for if it be positive, by apply, 
ing an excited stick of sealing-wax 
the threads will fall together again ; 
but, if it be negative, excited sealing^ 
wax, or resin, or si^lphur, or even a 
rod of glass, the poUsh of which is 
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taken off, will make tfaem recede 
fiurther. 

We have now perhaps said enough 
respecting electrical attraction and 
repulsion, at least for the present ; I 
wish you, howev^, to commit the 
following results to your memory. 

(1.) Bodies that are electrified 
positively repel each other. 

(2.) Bodies that are electrified 
negatively repel each other. 

Charles. Do you mean, that, if 
two bodies have either more or less 
of the electric fluid than their natural 
share, they will repel each other, if 
brought sufficiently near ? 

Tutor* That is exactly what I mean. 

(3.) Bodies electrified by contrary 
powers, that is, two bodies, one having 
more, and the other less, than its 
natural share, ajttract each other very 
strongly. 
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(4.) Bodies diat are cketrifi^ al« 
tract light substances which are not 
electrified. 

These are facts which, I trust, have 
been made evident to yoinr senses^ 
To-morrow we wfll describe what is 
usually called the Leyden phial* 
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CONVERSATION VII. 



Of the Zdyden Phial, or Jar» 

TuToH. I wiU take away the 
wires and the ball from the oanduiv 
Uxtf and then Demote the Donductor 
an inch ofe two fiffthep from the Cf « 
liilder. If the machine acts strongly, 
bring an insulated pith4iall5 that is» 
pne hanging on silk, W the end df 
the conductor^ nearest to the glass 
cylinder. 

Chark*^ It is iminediately at-* 
tracted. 

7\ifor. Carry it to the other end 
of the conductor, and see what hap- 
pens* 

G!8 
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Charles. It is attracted again; 

but I thought it would have been re- 
pelled. 

Tutor. ' Then, as the ball was 
electrified before^ and is still at-- 
tractedf you are sure that the 
electricity of the two ends of. the 
conductor are of different names; 
that is, one is plus and the other 
minus. 

James. Which is the positive, and 
-which is the negative end ? 

Tutor. That iend of the conductor 
which is nearest to the cylinder 
becomes possessed of an electricity 
different from that of the cylinder 
itself. > 

James. Do you mean, .that, if the 
cylinder is positively electrified, the 
end of the conductor next to it is 
•electrified negatively ? 

Tutor. I do : and this yon may 
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by hbldiag an iosultted pithJidl 
between Aenii 

Charks. Yes^ it is now veiy evi- 
dent^ for the ball fetches and oarrieB, 
as we hare seen it beibve. 

Tbtor. What you have seen mA 
i^futd to the condilctor is equaUy 
true with respect to tion-eoaductin^ 
•bodiesb Here is a common glass 
tumbli^! if I throw wUhinside it a 
greater portion of electridty than 
its natural share, and hold it in my 
iiaild, or place it on any conducting 
^lAstanee, as a taWe* a part <rf th^ 
electric fluid, that naturally bd(»igs 
4» the outsidid, will make its Escape, 
through my body, on the table. 

Charles. Let me try this ? 

Tutor. But you must be careful 
that you do not break the glass. 

Charles. I will hang the chain 
OD ^ €ond«ctor> and let the other 
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^nd lie on the ix)ttom of the glnas, 
and James will turn the machine. 

Tutor. You must take care that 
the chain does not touch the edge of 
the glass, because then the electric 
fluid willy by that means, run from 
one side of it to the other, and spoil 
the experiment. 

James. If I have turned the ma- 
chine enough, take the chain out, 
and try the two sides with the insu- 
lated pith<4ialL 

Charles. What is thb? some^ 
thing has pierced through my arms 
and shoulders. 

Tutor. That is a trifling electric 
cal shock, which you might have 
avoided, if you had waited for my 
directions. 

Charles. Indeed it was not trifling : 
I feel it now. 
. Tutor. This ie^ds i^ (o the l^y« 
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den phial : so called because the dis- 
covery was first made at Leyden, in 
Holland, and by means of a phial or 
small bottle. 

James. Was it found out in the 
same manner as Charles has just dis- 
covered it ? 

Tutor. Nearly so. Mr. Cuneus, 
a Dutch philosopher, was holding a 
glass phial in his hand, about half 
filled with water, but the sides above 
the water, and the outaide were quite 
dry, a wire also hung from the con* 
ductor of an electical machine into 
the water. 

James» Did that answer to the 
chain? 

Tutor. Just so : and, like Charles, 
he was going to disengage the wire 
with one hand, as he held the bottle 
in the other, and was surprised and 

AtonDe4 by a jnudd^n 3hopk in his 
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wmh ^id through his brebit^ whidi 
he had not the least expected. 

Ckarks. I do not thiiA: there was 
any thing to be alarmed at. 

Tutoi*. The shook which he felt 
was, probaidy, soraething eevever 
than that which you have just expo- 
rienced : but the t^mr was evidently 
increased by its coming so completely 
unexpected. 

Wl^n M. Muscfaenbroek irst fielt 
Uie shock, which was by means of a 
ihin glass bowl, and very s%ht» he 
wrote to M.. Reaumur, that he §At 
himself struck in his arms> shoul- 
delrs, and bieast, so that ho tost his 
breath, and was two whole days be* 
£)re he recovered frote the effects of 
the btow. 

Charles. Periiaps he meant the 
IMght. 

TWon Terror Mems to haveb^eli 
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the effect of the shock: for he adds, 
** I would not take a second shock 
for the whcde kingdom of France.'* 

Mr» Ninkler, an experimental phi« 
losopher at Leipsic, describes the 
shock as having given him convul* 
sions, a heaviness in his head, such 
as he should feel if a large stone wece 
on it, and he had reason to dread a 
fever, to {Nrevent which he put him- 
self on a course of cooling medidneff. 
.** Twice," says he, " it gave me a 
bleeding at the nose, to which I am 
not incUned; and my wife, whose 
curionty surpassed her fears, received 
the shock twice, and found herself so 
weak that she could scarcely walk. 
Nevertheless, in the course of a few 
days, she received another shock, 
which caused a bleeding at the nose.'' 

James. Is this called the Leydea 
phial? 
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, Tmkff. It if* h^fdm 
plM$ are now made in Ibis 
maftser: 4.9 is a glass jar^ 
faofth inside and out being 
corered with tin^foil about 
three parts of the way vp^ as ^ as 4r. 

Charles. Does the outude qvwet^ 
lag ansirer to the hand^ and tlie ini^ 
aide GOiradng to the wat^? 

Ttaw. Ther do. T^ pioee of 
wocki z is plaoed on the top^ mcfrdj 
4o support the brass wire and knob v^ 
to the bottom of which hangs a dbaili 
that rests on the bottom of the jar. 
I will now set the jar in sueh a situ- 
ation^ that it shall be within two m* 
three inches of the conductor^ while I 
work the machine. 

James. The spariss % rapidly £nmi 
the conductor to the kndb v. 

Tutor. By that meabs the inside 
of the jar becomes charged trith a 
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mq^embandaiit quantity of ciectoidty t 
and^ as it cannot contain this^ with^ 
outy at the same time, driving away 
an equal quantity from the outside, 
the iniide is positively dectrifled, and 
the outside is negatively electrffied^ 
To restore the. equilibrium, I must 
make a communication between tfafe 
outside and inside with some eon* 
ducting substance : that is, I must 
make the same substance toudb, at 
the same time, the outside tin*foil and 
that which is witlun, or, wfaidi is the 
same thing, another 4nibstance that 
does touch it. 

Charles. The brass wire touches 
tiie inside : if I, tilierefore, with one 
hand touch the knd>, and with the 
tither iSbe outside covering, win it be 
suflGicient ? 

Tutor ^ It will : biit I had rather 

yott ivfould not/ because the shock 
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ynll be nuoK powerful than I Bhould 
wish either myself or you to expe; 
rienoe. Here is a brass wire witl^ 
two little balls or knobs b s screwed 
to it. I will bring one of ^ 
them, as s^ to the outside, J 
;and the other, b, to the ball ^ 
t} on the wire. (See fig. p. 70-) 

James. What a brilliant spark, 
and what a loud noise ! 

Tutor. The electric fluid, that 
occasions the light and the noise, 
ran from the inside of the jar through 
the wire to s^ and spread itself over 
the outside. 

Charles. Would it have gone 
through my arms if I had put one 
hand to the outside, and touched the 
wire communicating with the inside 
with the other? 

Tutor. It would^ and you may 
conceive that the shock would have 
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be^n in proportion to the quantity of 
the fluid collected. The instrument 
I used may be called a discharging'- 
rod. But here is a more convenient 
one : the handle D is solid 
glass, fastened into a brass 
socket, and the, brass work ^ 
is the same as in the last fig.; 
dnly, by' turning on a joiht, the arms 
may be opened to any extent. . f 

James. Why is the handle glass ? 

Tutor. Because glass, being a non- 
conductor, the electric fluid passes 
t\;irough the brass work without af- 
fecting the hand ; whereas, with the 
other, a small sensation was perceived 
while I discharged the jar. 

Charles. Would the jar never dis- 
charge itself? 

Tutor. Yes; by exposure to the 
air for some time, the charge of the 
jar will be silently and gradually dis* 
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sipstedt for the superabundant elec- 
tric fluid of the inside wiU escape, by 
means of the air» to the outside of 
the jar.*~But electricians make it a 
rule never to leave a jar in its charged 
state. 

James. What is the remon of this 
rule? 

Tutor. To prevent accidents. A 
person coming into the room iin« 
awafes, bgr touching a charged jar, 
might receive a shock, that, under 
peculiar circumstances, might be at- 
tended irith dangerous consequences* 
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CONVERSATION VIII. 



^F-^ 



Of the Leyden Jar.^^Lane*s Di>- 
charging Electrometer, and the 
Eketrkal Battery • 

CMAMifia. In disdbaifiog the jw 
yMterday^ J obierved thtt» whm warn 
of the discharging-rods touched tho 
tutfide of the jar^ the flafh and it^rt 
took place beSove the other end camo 
in contact with the braai wife that 
communicates with the innde coating* 

Tutor. Yei, it acta in the aame 
manner as when you take a apaifc 
from the conductor; you do notf lor 
that purpose, bring your knuAle 
dose to the tin* 

r9 
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James. Sometimes, when the ma- 
chine acts very powerfully you may 
get the spark at the distance of seve- 
ral inches. * 

Tutor. By the same principle, the 
higher an electrical or Leyden jar is 
chained, th^ more ea8ily» or at a 
greater distance, is it discharged. . 

Charles. From your experiments 
it does not seem that it will dischai^e 
at 30 great a distance as that in which 
a spark may be taken from the con- 
ductor. 

• TtMior. Very frequently a jar witt 
discharge itself after it hem accumo- 
lated as much of the electrical fluid 
as it can contain; that is, the fluid 
which is thrown on the inside coat- 
ing will make its way over the glass, 
though a non*conductor, on to the 
outside coating. 

James. In a Leyden jar, after the 



i« « .« ^ 



fint discharget you alipajfl^ I p«90eiv«^ 
tdte aaotlvr imd smaUtr o&e. 

TcrfdT. 7he titt^foU on the jar 
not being a perfisct conduclo?, the 
whole quantity of flaid v?ill not pasa 
at fliit ftom the iniide to the out; 
what lemeiBB is mUed the residuum^ 
and this5 in a li^rge jer, would give 
yOQ a €Qii9ideialde shock; therefidre, 
I advise yen alwey9« io discharging 
an etedrical jar, to take away the 
residuum befe»re yoi; venture to re*' 
move the apparatus. I will now de 
scribe an dec^tmiefanr, whi^ depends; 
ler ita action, en the principles we 
hftve been desorihiDg* 

Charles* Do you mean upon the 
jar's ^schargiuf hefoie the outside 
and inside coating are actually brought 
into contact ? 

Tutor. I do. The arm d is made 
of glass> and prooeeds from a socket 

h3 




78 ELECTRiciry^ 

en the wire of the 
electrical jar F. To 
the top of the glass 
arm is cemented an- 
other brass socket e, 

through which a wire, with balls B 
and c at each end, will slide back- 
wards and forwards. 
• James. So that it may be brought 
to any distance from the ball a, which 
is on the wire, connected with the 
inside of the jar? 

Tutor. Just so. When the jar f is 
set either in contact with, or very near 
tlie conductor, as it is represented in 
the figure, and the ball B is set at the 
distance of the eighth of an inch 
■from the ball a, let a wire K be 
fixed between the ball c and the out- 
side coating of the jar. Then, as 
fc>()on as the machine is worked, the 
\jar cannot be charged beyond a cel^- 
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taiii point, for, when the charge b- 
strong enough to pass from a to the 
ball B, the discharge will take place, 
and the electric fluid, collected in the 
inside, will pass through the . wire K 
to the outside coating. 

Charles. If you remove the balls 
to a greater distance from one an- 
<^tber, will a stronger charge be re* 
quired before the fluid can pass fronx 
the in^de of the jar to the ball B of 
the electrometer ? 

> 

( Tutor. Certainly : and therefore 
the discharge will be much stronger. 
The machine is called Lane's Dis^ 
charging Electrometer, from the name 
of the person who invented it. It i^ 
very useful in applying the electric 
shock to medical purposes, as we shall 
pee hereafter. 

This box contains nine jare or 

Jwcyden phwk ; . the wires, which 
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proceed from the 
inside ef each thne 
c^ these jars, are 
screwed or fasten- 
ed to a cflmmon 
horizontal wire E, 

which is Imol^ted at each extremity ; 
and l^ means at the wires FP the 
inside coating of thi*ee or six, (w the 
whole nine, may be connected. 

Jameg, Is it a ccmmon box in 
which the jars are placed ? 

Ditor. The inside of the box is 
lined with tin-foil; sometimes very 
thin tin-plates are used, for the pur- 
pose of connecting HiOTe effectually the 
outside coatings of the j^rs. 

Charles. What is the hooh c on 
one of the sides of the box for? 

Tutor. To this hook is fastened a 
strong wire, which communicates with 
the inside lining of the box, and, of 
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course, with the outside coating of the 
jars. And^ as you see, to the hook a 
^ire is also fastened, which connects it 
with one branch of the discharging- 
rod, A. 

James. Is there any particukr art 
to be used in charging a battery I 
, Tutor. No: the best way is, to 
bring a chain, or. piece of wire, from the 
conductor to one of the balls dd on the 
rpds that rest upon the jars ; and then 
set the machine to work. The electric 
^Mid pas3!es from the conductor to the 
inside of all the jars, till it is charge4 
sufficiently high for the purpose. Great 
P9ution, however, must be used when 
you come to make experiments with a 
battery, for fear of an accident, either 
to yourself, or to spectators. 

Charles, Would a shock from this 
be attended with any bad conse« 
quenges? 
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Tutor. Yes: very serious acci- 
dents may happen from the electric 
dtf accumulated in a large batteiys 
and even with a battery such as ia 
represented in the figure, which is ooe 
of the smallest made^ a shock may be 
given, which if passed through the 
h^ad, or other vital parts of the body^ 
may be attended with very nuscliiev- 
ous effects. 

James. How do you know when 
the battery is properly charged ? 

Tutor. The quadrant electrometw, 
page 59, is the best guide, and thia 
may be fijced either on the conductor 
or upon one of the rods of the battery. 
But, if it is fixed on the battery^ 
the stem of it should be of a good 
length, not less than twelve or fifteen 
inches. 

• Charks. How high will the index 
stand when the battery is charged ? 
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Tutor. It will seldom rife so bl^ 
as 90% because a madime, under tbe 
most ftvouraUe cfavumstancesy can- 
Qoi cbarge a battery so higb, in pro^ 
yortioD^ as a sii^Ie jar* You may 
reekoli that a battery !■ well charged 
when the index rises as high as 60% 
m between that and 70^» 

James. Is there no danger of break* 
iog the jars when the battery is very 
highly charged ? 

Tutor. Yes, diere is ; aifd if one 
Jar be cracked, it is impossible to 
charge the others till the broken one 
be removed. To prevent accidents, 
it is recommended not to discharge a 
battery through a good conductor, 
except the circuit is at least five feet 
long. 

Charles. Do you mean the wire 
should be so long ? 

Tutor ^ Yes, if you pass the diarge 
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through a wire ; but you majr carry it 
through any conductor. 

Before a battery be used the un* 
coated part of the jars must be made 
perfectly clean and dry : the smalleaC 
particles of dust or moisture will carry 
away the electric fluid. And^ after 
an explosion 9 take care always to con- 
nect the wire on the hook with the 
ball^ to prevent any residuum' from 
remaining. 

James. Have not small animals 
been sometimes killed by an electried 
battery ? 

Tutor. Yes ; rats, and mice, and 
pigeons^ have been killed instantly 
with discharges from a battery. 
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CONVERSATION IX. 



Experiments made with the Electric 

cat Battery. 

Tutor. I will now show yoiJi 
some experiments with this large 
fcoiAtery. To perform these in perfect 
ut^tjf I must beg you to stand a good 
distance from it: this will prevent 
accidents. 

Ex» 1. I take this quire of wri« 
ling-paper^ and place it against the 
hook or wire that comes out of the 
box ; and when the battery is charged 
I put one ball of the discharging-rod 
to a knob of one of the wires F, and 
bring the other knob to that part of 

m>L. VI. I 
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the paper that stands against the wire 
proceeding from the box. You see 
what a hole it has made through 
every sheet of the paper. Smell the 
paper where the perforation is* 

Charles* It smells like sulphur. 

Tutor. Or more like phosptuxrus. 
You observe^ in this experiment, that 
the electric fluid passed from the in- 
side of the jars^ through the conduct- 
ing rod and paper, to the out^de. 

James;, Why did it net p«8 
through the paper in the same ma»« 
Her as it passed the brass discbargii^ 
rod, in which it made no hole? 

Tutor. Paper is a Bon-cottductkig 
substance, but brass is a eondncCor: 
throagh the latter it passes without 
any resistance, and, in its endearour 
to get to the inside of the box, it 
burst the paper. The same thing 
would bare fa^f^iened bad there beeA 
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twke or thrice as much paper, Tbe 
flteetric fluid of a einglejar wittpievcQ 
tlmoi^h many sheets of paper, 

Ckarks, Would it serve any other 
non^oonducting substance in the saiwt 
manner? 

Ttttar. Yes ; it will even brealc a 
thin piece of glass, or of resin, or of 
sealmg wax, if it be interposed be« 
tween the discharging-rod and tba 
outside of the coating of the battery. 

£x. 2. Place a ^ece of loaf- 
sugar in the situation In which the 
quire of paper was just now, the sugar 
will be broken, and in. the dark it 
will q)pear beautifully illuminated, 
and remain so for many seconds of 
time. 

Ex. 9. Let the small piece of 
wire proceedings from the hole in the 
ix)x be laid on one side of a plaice 
containing some spirits of wine, and, 

1% 
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on the opposite side of the pbte, 
bring one of the knobs of the dis^ 
charging-rod, while the other is cac-* 
ried to the wires connected with the 
inside of the jars. 

Charles. Then the electric fluid 
will have a passage through the 
spirit. 

- Tutor. It will set it on fire in* 
stantly. 

Ex. 4. Take two slips of conimon 
window-^lass, about four inches long, 
and one inch broad : put a slip of 
gold leaf between the glasses^ leariiag 
a small pact of it out at each end; 
then tie the glasses together, or press 
them with a heavy weight and s^id 
the charge of the battery through it, 
by connecting one end of .the glass 
with the outside of the jars, and 
bringing tlie^ discharging-rod to the 



eHm mif and to the mtm of the ia« 
aide of .the battery* 

James. Will it Inreak the glass ? 

Tutor. It probfdbly will ; but whe- 
ther it does or not ^i the gdd leaf will 
be forced into the pores of |he glass^ 
80 as to appear like glass stained 
with gdd, which nothing can wash 
away. 

Ex. 5. If the gold leaf be pot 
between two cards^ and a strong" 
charge passed through it, it will be 
eon^letely Ibsed or melted, the 
iiMiks of which will fLppear on the 
card* 

^ Thk imtruflient, caDed a universal 
diseharger, is very useful Ibr passing 
'ehai^l^ through many substances, bb 
are glass pillars cemented into the 
frame a. To. each of the pillars is 
cemented a brass cap, and a douMe 

I 8 
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joiiit for horizontal - and vertical ino^ 
tion ; on the top of each jdint is a 




spring tube, which holds the sliding' 
wires .r x^ so that they may be 
set at various distances from each 
oth^» and turned in any direction ; 
the extremities of the wires are poiat-* 
ed, but with screws, at about half an 
inch from the pdints, to receive balls* 
The table £ D, inlaid with a piece of 
ivory, is made to move up and down in 
a socket, and a screw fastens it to any 
l-equired height. The rings cc «re 
very convenient for fixing a chain or 
wire to them, whicjb proceeds from 
the conductor. 

Charles. Do yqu lay any thing on 




EXPBRIMBMTS. 91 

the vroty^ between the baUs, when 

joa want to send the charges of a 

battery through it ? 

- Tutor. Yes ; and by drawing out 

the wires the balls may be separated 

to any distance less than the length 

of the ivory. The figure 

H represents a press, which 

may be substituted in the 

place of the table E D. It consists of 

two flat pieces of mahogany, which 

may be brought together by screws. 

James. Then, instead of tying the 
slips of glass together iq Ex. 4, you 
might have done it better by making 
use of the press? 

Tutor. I might ; but I was will- 
ing to show you how the thing could 
be done, if. no such apparatus as this 
were at hand. The use of the table 
and pres9, which, in fact, always go 
tugether> i^ for keeping steady aU 
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descriptiODs of bodies through irtdci 
the chnrge of a single jar, m mty 
number of which a battery consists^ is 
to be conveyed. We will now pro- 
ceed with the experimente, 

£x. 6. I will take the knob^ 
from the wires of the universal dis* 
charger, and, having laid a piece of 
very dry writing paper on the table 
£, I place the points of the wires at 
an inch or more from one another; 
then, by connecting one of the rings 
c with the outside wire or hook o£ 
the battery, and bringing the dis« 
charging rod from the other ring c 
to one of the knobs of the battery, 
you will see that the paper will be 
torn to pieces. 

Ex. 7. The experiment which I 
am now going to make you must 
never attempt by yourselves^ I put a 
little gunpowder in the tube of a quilf. 
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open at both ends, and insert the 
pointed extremities of the two wires 
in it, so as to be within a quarter of 
an inch or less from each other. I 
now send the charge of the battery 
through it, and the gunpowder, you 
see, is instantly inflamed. 

Ex. 8. Here is a very slender 
wire, not an hundredth part of an 
inch in diameter, which I connect 
with the wires of the dischargcTf 
and send the charge of the battery 
through it, which will completely 
melt it, and you now perceive the 
little globules of iron instead of the 
ihin wire. 

Charles. Will other wires besides 
iron be melted in the same manner ? 

Tutor. Yes J if the battery be 
large enough, and the wires suffi* 
ciently thin, the experiment will sue* 
ceed with them all : even with a single 
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j«% if it be pretty lorge^ very dsnimi 
wire may be fused. But the charges 
of batteries havQ been wed to detect 
iDine the different conducting powcra 
c{ the several metals. 

James. If the charge is not strong 
enough to melt the wire> will it makt 
it red hot? 

Tutor. It will : and, when the exp 
partment is properly mad^ the conrse 
0f the fluid may be discerned by its 
effects : for, if the wire is about three 
hiehea long^ it will be seen that the 
end of it, which is connected with 
the inside of the battery, is red hot 
first, and the redness proceeds tot^ 
wards the other. 

Charles. That is a clear proof 
that the superabundant eleotricity 
accumulated in the inside is carried 
to the otttade of the jars. 

Tutor. Ex. 9. We have in the 



\m volume discussed the subjMt (MP 
iriftgnetism: and we maj here ob^ 
aerve^ that, by discharging the bat** 
terf through a small sewing needle, 
it will become magnetic ; that is, if 
the needle be accurately suspended 
tn a small piece of cork in a basoti 
of water. One end will, of itself, point 
to the north and the other to the 
south. 

Ex. 10. I will lay this chain oil k 
sheet of writing-paper, and send the 
charge of the battery through the 
chain ; and you wiU see black marks 
will be left on the paper in those 
places where the rings of tiie chain 
touch each other. 

Ex. 11. Place a small piece of 
very dry wood between the baUs of 
the universal discharger^ so that the 
fibres of the wood may be in the di- 
rection of the wires^ and pas» the 
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charge 'of ihe battery through them ; 
the wood will be torn in pieces. The 
points of the wires being run into the 
wood, and the shock passed through 
them, will effect the same thing. 

Ex. 12. Here is a glass tube, open 
at both ends, six inches long, and a 
quarter of an inch in diameter. These 
pieces of cork, with wires in them, 
exactly fit the ends of the tube. I 
put in one cork, and fill the tube 
with water, then put the other cork 
in, and push the wires so that they 
nearly touch, and pass the charge of 
the battery through them; you see 
the tube is broken, and the water 
dispersed in every direction.* 



* To prevent accidents, a wire cage, such as is 
used in some experiments on the air-pump, should 
be put over the tube before the discharge is made : 
young persons should not attempt this eKperiment 
hj themaelves* 
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* 

Charles. If water is a good con- 
ductor, how is it that the charge did 
not run through it without breaking 
the tube? ' 

Tutor. The electric fluid, like 
common fire, converts the water into 
a highly elastic vapour, which^ occu- 
pying very suddenly a much larger 
space than the water, bursts the tube 
before it can effect any means of 
escape. 

In some instances, the electric fluid 
decomposes the water, which is in- 
stantly converted into two elastic 
gases, that occupy a vast deal more 
space than the water from which they 
are produced* 
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CONVERSATION X. 



Of the Electric Spark, and Miscel- 
laneous Experiments. 

TtfTOk. I wish you to observe 
some facts connected with the elec- 
tric spark. By means of the wire 
insetted in this ball I fix it to the 
end of the conductor, and bi4ng either 
another brass ball, or my knuckle to 
it, and, if the machine act pretty 
powerfully, a long, crooked, brlHiant 
spark will pass between the two balls, 
or between the knuckle and ball. If 
the conductor is negative, it receives 
the spark from the body ; but, if it 
is positive^ the ball or the knuckle 



reeelTeft tlie spark from tbe eon* 
ch^tanr. 

Charks. Does tbe suse dT the tpaik 
depend at all on the suse of the conkm 
duetor ? 

Tatar. The longest and laigeal 
sparks are obtained from a large con^ 
duetor^ provided the machine act 
very poweHuHjr. When the quan- 
tity of electrioity is small tbe spark 
is straight; hut when it i» strongs 
and enable of striking at a greater 
distance^ it assumes what is called a 
sag'^aeag direction* 

James. If the electric fluid is frra^ 
why does not the spark, whidi excites 
a painful sensation^ bum me, when I 
reoeire it on my hand ? 

Tutor. Ex. 1. I have shown you 
that the charge from a battery will 
make iron wire red>hot» and inflame 
gunpowder* Now^tand on the stool 

k2 
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with glass^ legs, ^nd, h(dd the chain 
from the conductor with one haiid# 
Do you, Charles, hold this spoon, 
which contains some spirit of wine, 
to your brother, while I torn the 
machine, and a spark taken from his 
knuckle, if large, will set fire to the 
spirit. 

Charles. It has indeed. Did you 
do nothing with the spirit ? 
. Tutor. I only made the silver 
Ispoon pretty warm before I put the 
spirit into it. 

Ex. 2. If a ball of box wood be 
placed on the conductor instead of the 
brass ball, a spark taken from it will 
be of a fine red colour. 

Ex. 3. An ivory ball plaoed on 
the conductor will be rendered very 
beautiful and luminous, if a strong 
spark be taken through its centre. 

Ex. 4. Sparks taken over, a piece 



of ttlftr leather appear of a g^een 
eolour^ and orer gilt leather of a 
wed colour. 

Ex. 5. Here 19 a glass tuhe, round 
whicb^ at small distances from efioh 



otber> pieces of tin*foil are pasted in 
a spiral form from end to end : this 
tube is enclosed in a larger one, fitted 
with brass cups at each end, which 
are connected with the tin-foil of the 
inner tube« — I hold one end a in my 
hand, and while one of you turn the 
machine, I will present the other end b 
to the conductor, to take sparks from 
it. — But first shut the window^shut* 
ters* 

. Charles. This is a very beautiful 
experiment. 

Tutor. The (leauty of it consists 

k3 
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in the distance which is led between 
the pieces of tin-foil ; and, by in* 
creasing the number of these dis« 
tances, the brilliancy is very jnuch 
heightened. 

Ex. 6, The following is another 
experiment of the same kind. Here 
is a word with which you are ac- 
quainted^ made on glass, by means 







of tin-foil pasted on glass, fixed in a 
frame of baked wood. I hold the 
frame in my hand at H, and present 
the ball G to the* conductor, and at 
every considerable spark the word is 
lieautifiilly illuminated. 

Ex. 7. A pi(»co of sponpfe CUod 
with water, and hung to a conductor, 
when electrified in a dark room, ex- 
faibiU u beaiiliful appearance^ 
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Ex. 8/ This bottle is' charged: 
if I bring the brass knob that stands 
oiit of it to a bason of water which 
is insalated, it will attract a drop;. 
and, on the removal of the bottle, it . 
will assume a conical shape, and, if 
brought near any conducting sub- 
stance, it will fly to it in luminous 
streams. 

Ex. 9. Place a drop of water on 
the conductor, and work the ma« 
chine; the drop will afford a long 
spark, assume a conical figure, and 
carry some of the water with it. 

Ex. 10. On this wire I have fixed 
a piece of sealing-wax, and, having 
fixed the wire into the end of the 
conductor, I will light the wax, an4 
the moment the machine is worked 
the wax will flv off in the finest fllo- 
nients imaginable. 

^x. 11. I will wrap some collon» 
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w^l round one of the knohs^ of my 
discharging rod, and fill the wool with 
finely bruised resin ; I now discharge 
a Leyden jar, or a battery, in the 
common way, and the wool b in- 
stantly in a Uaze. The coTcred 
knob must touch the kn^ of the 
jar, and the discharge should be 
effected as quickly as possible. 

You will remember that the elec- 
tric fluid always chooses the nearest 
road, and the best conductors to travel 
by ; in proof of which take the fol« 
lowing experiment :--<- 

Ex. 13» With this chain I make 
a sort of w, the wire w -^ 



w" 



touches the outside of a 

charged jar, and the wire .r is brought 
to the knob of the jar, and in the 
dark a brillant w is visible. But if 
the wire w is continued, to m, the 
electric fluid takes a shorter road to 
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.r, and, of course^ only half of the 
w is seen, 'oiz. that part marked 
mzy : but. if, instead of the wire 
w viy a dry stick be laid in its place, 
the electric matter wiU prefer a longer 
circuit, rather than go through a bad 
conductor, and the whole w will l)e 
illuminated. 

Ex. 13. Here is a two-ounce phial, 
half full of salad-oil; through the 
cork is passed a piece of slender wire, 
the end of which, within the phial, 
is sd bent as to touch the glass just 
beli)w the surface of the oil. I place 
my thumb opposite the point of the 
wire in the bottle, and in that posi<* 
tion take a spark from the charged 
conductor. You observe that the 
spark, to get to my thumb, has ac-» 
tually perforated the glass. In the 
same way I can make holes all round 
the phial 
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Charles. Would the experiment 
succeed with water instead of oil ? 

Tutor. Noy it would not. 

James. At any rate we see the 
course of the electric fluid in this 
experiment ; for the spark comes from 
the conductor down to the wire» and 
through the glass to the thumb. 

Tutor. Its direction is, however^ 
better shown in this way :— 

Ex. 14. At that end of t|ie €Ott« 
ductor which is farthest from fte 
machine I fix a brass wire about ms, 
inches long, having a small brass baH 
on its extremity. To this ball, when 
the machine is at work, I hold the 
flame of a wax taper. 

Charles. The flame is evidently 
blown from the ball, in the direction 
of the electric fluid : it has a sioiilap 
effect to the blast of a pair of bellows. 

Ex. 15. I will fix a pointed wire 
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upon the prime conductor, with the 
point outward, and another like wire 
upon the insulated rubber. Shut the 
window-shutter, and I will work the 
machine : now observe the points of 
the two wires. 

James. They both are illuminated^ 
but differently. The point on the 
conductot sends out a sort of brush 
of fire, but that on the rubber is illu- 
minated with a star. 

Tutor. You see, then^ the differ-- 
ence between thfe positive and nega- 
tive electricity. Their appearances 
^re sufficiently distinct in almost 
every experiment which can be made. 
If a strong positive electric stream 
be thrown on the flat side of an un- 
insulated sheet of paper, it wih form 
a star ; but negative electricity, un- 
der the same circumstances, throws 
ODt brashes* 



108 ELECTRICITY^ 



CONVERSATION XI. 



Miscellaneous Experiments — Of the 
Electropkorus — Of the Electro- 
metery and the Thunder House. 

Tutor. I shall proceed this 
morning with sojne other experiments 
on the electrical machine. 
• Ex. 1. Here are two wires, (wie 
of which is connected with the out- 
side of this charged Ley den jar, the 
other is so bent as easily to touch the 
knob of the jar^ The two straight 
ends I bring within the distance of 
the tenth of an inch of one another, 
and press them down with my thumb, 
and in this position^ having darkened 



the room, I discharge the jar. Do 

jou look upon my thumb. . 

Charles^ It was so transparent 

that I think I even saw the bone of 

the thumb. — But did it not hurt you 

very much ? 

Tutor. With attention, you might 

observe the principal blood- vessel^, I 

believe; and the only inconvenience 
that I felt was a sort of tremor in my 
thumb, which is by no means pain- 
fuL Had the wires been at double 
the distance, the shock would hav^ 
probably made my thumb the cir- 
cuit, which must have caused a more 
powerful and unpleasant sensation ; 
but» being so close, the electric fluid 
leaped from one wire to the other, 
and durii^ this passage it illuminated 
my thumb, but did not go through 
it. 

Ex. 2. If^ instead of my thumbs 

VOL. VI* jb 
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t dec&joitct full 6f Whtir, hkying a 
flat bottom, We^ pl^ur^d oti the wires^ 
sind the discharge tnade, the whdte of 
the water will be be&utifully iflu^ 
Miifeiated. 

Ex. 3. Thifi smaU peii^df bu6ket 
is fall of water, and I sus^pend it ftom 

the prifise eonduciot atid put in a 
glass i^phon, with a 6ore so narrow 
that the water will hardly drop out. 
iSee what wifl happen when I work 
the machine ; but first make the room 
dai^. 

James. It runs now In d full stream, 
6r rather in several stresims, all of 
which are illuminated. 

Tutor. Efx. 4. If the knob a com- 
municate with the outsidie of y^^ 
a charged Leyden jar, and the P ^ 
knob b with the inside coat- & 
tng^ and each be held about two 

..-*•■• ^ ... 



inch^ from thQ lighted caqcde j;, mi 
qppofite to Qpet anotheTt tlt« fUme 
will spread towards each^ and a ^is- 

qhfirgQ will be vMj^ thraugh it; 

thb shows the conducting pawSIT pf 
flpnie, 

Tfafe instrument;, wWgh consist* pf 
JwQ Qircul^r plates, of which ^ 
<fhe tergf ft s is About fifteen gj^ 
iQcl^es ill diani^ter, and t^^ 
o^h^y A fourteen incites, is called m 
ekgtrg^hqry^^ The tm^r plute fi u 

P994!? of glW5e ?r ?«sUqg wax, pr ot 

any ot^^a* nPiwx)pd!iicting guhstajifie; 
I b9V9 m^e pne with « wxtm^ of 
pitch an4 c^ft^^ hoijfd topther, 

>irhwh 9nsw§r§ very well Thp 
uppgy plate A igi sometime! miade of 

)>nifg ^ soH)«ti{ne4 of tin plAt^^i but 

this is of wood covered very n^fttlj 
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hxed to a socket, by which the upper 
plate is removed from the under 
one. 

Charles. What do you mean by 
an electrophorus ? 

Tutor. It is, in fact, a sort of 
simple electrical machine, and is 
thus used. Rub the lower plate b 
with a fine piece of new flannel, of 
with rabbit's, or hare's, or cat's skin, 
fend when it is well excited, place 
iipon it the upper plate A, and 
j)Ut your finger on the upper plate: 
then remove this plate by the glass 
hhndle or, and, if you apply your 
knuckle to the knob of a coated jar, 
you will obtain a spark. This opera* 
tion may be repeated many time$, 
tvithout exciting again the under 
plate. 

James. Can you charge a Ley den 
jar in this way ? 



I 

If a iiogte eiot^ti^t iq ■§ to trnm 

the jar thus charge^, 

Hpfe in fwthgr kiacl of pteslro- 
n«t9r, wttteb is by &!* tlip port Men* 
siMi thsii hM \mn jft iPfffited i (bal 

i8<i(is(M|MMf of dipci^eiioff thi 

ssmlleslqpaQliliesQftleQlricilir- 
4^8 ffltfs jftFi « thf gm^T ef 
metal, to which are attachg^ 

narrow atnpg of tm«M « «• 

^kmiHt Hiw ii (Ms iiiilnifiignt; 

T^ilorv Any Miiofr tbi^ it fiMiiy 
i6fl^ i« lf> be ^m^l tA the Mvefr 

which will cause the pieM> ftf go)^ 
leaf. Of pith Wit l« Ai'^eigei itnd 

tUe idpsili^ty Qf Uii^ ii^tmieeni it mi 

L s 
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j^reaW that the brush of &' feather^ tlie 
throwing of chalk, hair-powder, 01: 
dust, against the cap B^ evinces strong 
signs of electricity. 

' Ex. 5. Place on the cap B a little 
pewter, or any other metallic, cup, 
having some water in it : i;hen take 
from the fire a live cinder, and 
put it in the cup, and the elec* 
tricity of vapour is very admirably 
exhibited* 

A thunder-cloud passing over thi^ 
instrument will cause the slips of 
gold-leaf to diverge and strike the 
sides at every flash of lightning/ 
« £x« 6^ 1 will excite this stick of 
sealing-wax, and bring it to the cover 
»B : you see how often it caiuses the 
^old-leaf to strike against the sides 
•of the glass. 

James* Are the slips of tin^^foii in* 
tended to carry away, the electric 
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fluid communicated by the .objects 
presented to the cap b ? 

Tutor. They are; and by them 
the equilibrium is restored. 



U9 wivfumrf 



COfJVfipATJQtf H^llr 



Of Atmospherical Electricity. 

CHARLES. You said yesterday, 
that the electrometer was affected by 
thunder and lightning : are lightning 
and electricity similar ? 

Tutor. They are, undoubtedly, the 
same fluid; and that they are the 
same . was discovered by Dr. Franklin 
almost eighty years ago. 

James. How did he ascertain this 
fact? 

Tutor. He was led to the theory 
from observing the power which 
uninsulated points have in drawing 
off the electricity from bodies. And 
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having formed his system/ he wa^ 
waitiog for the erection of a spire, in 
Philadelphia, to carry his views into 
execution/ when it occurred to him 
that a boy's kite would answer his 
purpose better than a spire. He 
th«refore prepared a kite, and having 
raised it, he tied to the end of the 
string a silken cord, by which the 
kite was completely insulated. At 
the junction:: of .the two strings he 
fastened a key as a good conductor^ 
in order to take sparks from it. 

Charles. Did he obtain any sparks ? 

Tutor. One cloud, which appeared 
like a thunder-cloud, passed without 
any * effect ; shortly after, the loose 
threads of the hempen string stood 
erect, in the same manner as they 
would if the string had been hung 
on an electrified insulated conductor. 
He then presented his knuckle to the 
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key, oad dbtaioed an evident {qMvk. 
Others succeed^ beftaore the string 
was waty butt when the rain had 
wetted the utring he collpeted tbd 
dectrieity vary plentifully ;- 



. Led by tho phospfior U^htp with ^eiiig tmaif 
Imingft^ Fra^lfti^ mm^ ^f ^^ ^.^ '» 
Wherci nurs'd in nighty inqumbent teipp^^t 

s}irouds 
The seeds of thondeit in circumfluent clouds, 
Bet iegM with iron points his airy cell, 

Aug jsicpg'ii tks aiAfi«i9r iiiiii«k'fiiis ia Hit shsU, 

JamS' Q0VI4 J 4« go wiJiU pur 

T^igr. I bops y9« ^jH pQt tiy 
J<? r#Q yoar kite ^pripg <^ tbuiidfirr 
storm, because; witbQHtvefygrpa^ ggfeb 
it Wf y te attgi)cl«d Fith t^e noqit ^^ 
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Mtemptingf tt» drdir ligktiiing fram 
tl^ biotidi. Yon kite mqmie large 
ettottgh for k cautious sxperhQcrnt^ 
teing four £iet hifb^ and ttro feet 
wide. Bverjr t^g Aqieiid* en the 
sliin^, #hiclh ftcoefding to Mi^. Oa« 
vatto, wka hai inAde maiijr expm« 
ments on the subject, sheuld W 
tmde of iwa thin iMeafls a£ tWine, 
twisted with a ci^per tbl:dad. And 
to Mr;. Cavdll6's wcAcfc on eleeCridtj, 
V(Ai ih ratii perBODS m Are dfeslreus 
of raising kites^ for elelBtrictd pur-^ 
poi^ should be referfed, in whkh 
Ifaey will find ttmple iffitruoiioni 

Chark^. How dsr the conductorst 
Whi^ I faa^e seen ftited ta vai^ous 
buildings, ast in dfepersifl^ lights 
ning? 

TfUor. You know how easy it i$ 
to charge a Leyden jar : but if, when 

^mi$A»iM in jm^h ft peiMu bold 
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a point of fileel, of^ther metal^^near 
the condOGtor, the greater part of the 
fluid will run av?ay by that point in- 
stead of proceeding to the jar. Hence 
it was concluded, that pointed rods 
would sdlently draw away the light- 
ning iVom clouds passing 6ver any 
building. ' 

James. Is there not a particular 
method of fixing them ? 

Tutor. Yes : the metallic rod must 
reach from the ground, or the nearest 
piece of water, to a foot dr two above 
the building it is inteiMed to protect, 
and the iron rod should come to a 
fine point. Some electricians recom- 
meiid that the point should be of 
gold, to prevent its rusting. 

Charles. What effects would be 
produced, if lightning should strike a 
balding without a conductor ? 

Ttaor^ Tbat may be best explained 



hy informing you of what hafv* 
pened, many years ago, to St« Bride's 
church. The lightning first struck 
the weather*cock ; from thence, de- 
scending in its progress, it beat out 
a number qf large atones of different 
heights, some of which fell upon the 
roof of the church, and did great 
damage to it. The mischief done to 
the steeple was so considerable, that 
eighty^fi ve. feet of it was obliged to bef 
taken down. < 

James. The MPeatha-^ock was pro- 
bably made of iron, why did.tiot that 
act as a conductor ? 

Tutor. Though that was n^e oC 
iron,, yet it was completely insulated 
by being fixed in stone, which bad 
become dry by much hot and dry 
weather. When, therefore, the light- 
ning had taken possession of the 
weather-cock t>y endeavouring tor 

VOL. VI. M 



fbrcft ii« «fay to aftiothei' Mfidactdiv 
k beM dt^ti whateveif Stood iti its 
way. 

Chafk9. The po#e^ of Mf htuni^ 
ihtttt te V€))py gwit. ' 

Taia^. It ]@ iffcfldstibid ki its 6f* 
ftfbtsi the l^lo^iig 6!!s:pedimeht wffi 
Skistrate what I Yikte been sajkig :*^ 

Ex. I4 ib k a b^ard repte866tiog' 

it ift fixed on aiSHolh^ 
board B : abed is a 

|S0t« q€ wood is fitted; 

a d repi-esents a wiM tb^* 

ed dkigDMUy M ihi^ wood 4hcd; 

s^ by Mrmiaat^ by ^ fctiob «•, repre- 

m^U fi iwatiier-<x)6k, dnd the wire 

d ^ is fts^d to the boftrd a. 

It is evident that, in the dtate in 
which it is drawn in the figure, thera 

M a% iatwrnptioa in ttie condiictiiig^ 




ft^l *cw^gly, if tli9 cbm m ]|t 
connected witb th^ out^pide pf a I^y- 
(den phia)^ and $h^ thgt pl|i«i iq i^ 
charged through Xp by Ijl'iqgjqg 'op9 
part of the discharging r^d |9 ^ 
Yx^ of the L^dep phia}^ fm^ the 
other tp vithin an inch pr two of ^ 
thif pi^ce of wood abf}d yf\\\ bp 
thrown out with nolepqe. 

J^mh Are we Xq ugdqrstQiid by 
tljw «3spe»ment, tiia^ if fhe wirf :f b 
had )b^n gostinye4 ♦? the chain, 
th§ $)ectfip ^^lid would havo r^i 
thiWJgh it without disturbing the 
1po6$ bpar4 ? 

TWor. i!s:. 8. Just so ; fbr if the 
piec@ 9f wood hci ta^en oiit, 9nd 
the pfirt a be piit to ihc p}ace ^ (I 
will ijpjne to p, »pd th© cendqqtipg- 
rod will be complete, f|pd copti^ed 
from ^ ithrpugh i^/p tg A and spw the 
phial m^ he disphpfged «£| ofWn fts 

M 2 
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you please, but the wood wul remaith 
in its place, because the electric fluid 
runs through the wire to Zy and 
makes its way by the chain to the 
outside of the phial. 

Charles. Then, if j; be supposed 
the weathercock of the church, the 
lightning having overcharged, thb^ 
by its endeavours to reach another 
conductor, as cz, forced away the 
stone or stones represented hj abcdf 

Tutor. That is what I meiant to 
convey to your minds by the first 
experiment; and the second shows 
very clearly, that if an iron rod had 
gone from the weathercock to the 
ground, without interruption, it would 
have conducted away the electricity 
silently, and without doing any in- 
jury to the church. 

James. How was it that all the 
«tones were not beat down ? 



^yrfmwA&y it mei with mmy Qtk«r 
^fiB^yctoni. I will read pwrt ^ what 

Dr. Wat90B g^ysi 00 (hi« fects wfc© 
03(Wli9e<} it Vi^ry atteQti?^!^ ver^ 

^ The lif htfiipg/- wyi he, ^^ li»(t 
look » w^atborpQpJf , wh^i irai ixed 
At ^10 top of th» aioopl^A aod w 

f^ 41)7 tbi«ff ote?, ft9 bw aR where 
the tovt iim bar, c« ipiMte, whimk 

supported it, terminated: there the 
inetgj^p pQinmunipation ceas^ngj pprt 
of the lightning exploded^ gracked 
and shattef^ i\m obelisk wbid} ter- 
minated the fiipifo of the steeple, in 
its whole diameter, and threw off, at 
that place, several large pieces of 
Foitland-stono. Hom it likowisa re- 
moved a stone from its place, but 
not far enough to be thrown down. 
From tkence the lightning seined to 

M 3 
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have rushed upon two horizotital iron 
bars» which were placed within the 
building across each other. At the 
end of one of these iron bars it ex** 
ploded again, and threw off a consi<* 
derable quantity of stone* Almost 
all the damage was done 'where the 
ends of the iron bars had been insei*ted 
into the stone, or placed under it ; and^ 
in some places, its passage might be 
traced from one iron bar to another* 

The thunder holds his black tremendous throne : 
From cloud to cloud the rending lightuings 

rage; 
Tillj in the furious elemental War 
Dissolv'd the whole precipitated mass 
Vnbroken floods and solid torrents pour. 

Thomson. 

' Electricity manifests itself more 
frequently without storms, than with 
them : it is produced oftener by dry 
than by rainy clouds : it is more fre- 
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quently positive than negative. The 
atmosphere exhibits signs of electri- 
city at all times^ by night and by 
day^ of which I shall present you 
some instances in our next conversa- 
tipn. 
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CONVBIWATIOIff XJIJ- 



On Atmospheric Electricity. — Of 
Falling Stars"-^/ the Aurnra 
Borealis — Of Water-spouts and 
Whirlwinds — Of Earthquakes. 

Charles. Does the air always 
contain electricity ? 

Tutor. Yes ; and it is owing to the 
electricity of the atmosphere that we 
observe a number of curious and in- 
teresting phenomena, such as falling 
stars; the aurora borealis, or north- 
em lights : the ignis fatuus, or Will- 
with-the-wisp. 

James. I have fre<|uently seen 
what people call falling stars, but I 
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^ever knew that they were occasion* 
ed merely by electricity. 

TtUor* These are seen chiefly in 
clear and calm weather: it is then 
that the electric fluid is probably not 
very stron^» and, passing through the 
air^ it becomes visible in particular 
parts of its passage, according to the 
conducting substances it may meet 
with. One of the most striking phe*« 
nomena of this kind is recorded by 
SKgnior Beccaria«-^As he was sitting 
with a friend in the open air^ an hour 
after san-set, they saw a falling, or, 
M it is sometimes called^ a shooting-^ 
jstar, directing its course towards 
them, growing, apparently, larger 
and larger, till it disappeared not far 
jfrom them, and, disappearing, it left 
their faces, hands, and clothes, with 
the earth and neighbouring objects, 
suddenly illuminated with a diffused 
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noise at all. 

CharkS' 5"!; bow c^d li^ It^w 

i^% thU yr^ wis th^ tffl^l of ^^II0» 
tncitjr ? 

Jfitor, PfcwfiQ 1^6 lw4 previously 
nm^ Im H\fs, An4 (our>4 the mr v^iy 
n;tuph chgrg$4 with the eleotiip nurih 
^r i som^qpips he saw it f^^rfiiMaiig 
tQ his kU§ Uks A falliqf iUyr ; md 

3MQ«tJ!H«l hQ SAW P Upd of glo^y 

rpu94 i(> wM(^ fisUsw^di it w .K 
I«ied to the sSSuAs 9i lU^laing, or 

Gift electrls flyid, do ps^ tiie.lntt 
wastd qf ships run ^nndeoibl^ rids 
of heing strode by it ? 

Tutor. Gertnnly i we b«7« 11UU17 
instnqoes recorded of the mist^i^ 
dons tp fbipit oqe of whisk is fc^ 
hrted in .thfi Philmoiijuoal ^auuaa- 
tions: it happened on board the 
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Motiimgae^ oif thfe ftili of Nbventb^, 
1748, in lat. 43^ 48' and d'' ^ tHit 
JesgHodtf^ Bimxt itoom Oii» of the 
^^terter^BatterB dwired ite nMsiir df 
the vessel to look to the windlVIMd^ 
when he bbidrfed a brrge ball of blue 
lire rolHngf apparenllf on thtf fmltee 
of the water^ at the (fintiMee of t&ffie 
i&iles frotii them, it tem fikm)St pet- 
peodkular Wheb it WW witlrto ftiffy 
or fifty yards from the main-^hfiitls 
of Hie shipy it tfa^ft went off Ifftli an 
explosion, as if a hmidi^ asifi^kfti 
had been ^vtd at oit6 timei AtA left 
m sirofig a nmeU of ffUlpbiitv that tKe 
ship seeiffed tor cont&iti nothingf ^bi. 
After the ndisd bad saMdid, the 
main top-nta^ was fdiind irijt&tteMd to 
pieces, and the tni^t itself tf&s retit 
quite down to the &ed. Five nieh 
were knodced down, end one Of theih 
fsktftly bustit by tftie exjploncnii 

Charltfi^ Ditf H not Men to 
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a very large ball to have produced 
sttch effects ? 

Tutor » Yes ; the person who nd- 
Uced it said it was as big as a mill- 
stone^ 

The Aurora Borealis is another 
electrical phenomenon : this is ad- 
mitted without any hesitation, be- 
cause electricians can readily imitate 
the appearance with their experi- 
ments. 

James. It must be, I should think, 
on a very small scale. 

Tutor. True ; there is a glas§ tube 
about thirty indhes long, and the 
diameter ^f it is about two inches^; 
it is nearly exhausted of air,* aid 
capped on both ends with brass. I 
now cMinect these ends, by means of 
a chain, with the positive and nega- 
tive part of a madiine ; and in a dark- 
ened joom you wiU Bee^ when tiie 
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machine is worked^ all the appear- 
ances q{ the northern lights in the 
tube? 

Charles. Why is it necessary nearly 
to exhaust the tube ? 

Tutor. Because the air. in its 
natural state, is a very bad conductor 
of the electric fluid ; but when it is, 
perhaps, rendered some hundred times 
rarer than it usually is> the electric 
fluid darts from one cap to the other 
with . the greatest ease* 

James. But we see the aurora 
borealia in the common air. 

Tutor, We do so ; it is, however, 
in the ' higher regions of the atmo- 
^ere, where |he air is. much rarer 
than it is near the surface of the earth. 
The experimeiit which you have just 
seen accounts for the darting and un* 
dulating motion which takes jdace 
between the opposite parts of the hea» 
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veni». Hid aurOr& bdrealk is itlie ttdsrt 
tedutiftil tod bdllktit in eoiitttries ifi 
the high northern latitudes^ a^ tn 
Creefilatid aiid Icelatad. 

Charles. I Ttixathhet the tides 6n 
this subfect :— i.^ 

^y dam^ TMUforSf theo, that dMMlest aSmke 
A wanring blaze refracted o'er the beav'ns^ 
And vivid moong^ and stars that keener play 
Witb double Idstre from the glossy waste, 
finsh 9tk ik6 4epA 6ep6kt td$ht, ^%f find 
. A wondrous da7>«ttMgh«»l^ttlidftlflM^ 
Of guide their daring slept to Finlaad §mi$. 

Tutor. Th6 aufoi>a Jbotealis ihat 
#is ^n in tliis cctvnity on the 23d 
df October, in the year 1604/ is de- 
serving of notice. At seven iti the 
cfreningf a luminous arch was seen 
flrom the centre of London extend- 
ing from one point of the horizon^ 
afloat U.B.W. to another point k.n.i^« 
Md t^sriaag the niMe of tbe con- 



t * 



s^yatif^ of the Great 3^> whicb 
ii^ ii) {» great m^pre^ ob9Wre4^ l*^ 
appeared to consist of shining va»* 
pour, and to roll from the south to 
the north. In about half an hour, 
its course was change4 ; it thep he- 
caiQip verticalf and about aipe oVlofk 
it extend^ aiWM Hia kfwfson from 
N.E. to 8.W. ; at intevvalsy the con- 
tinuity of the luminous arch was 

iHTO^pOf jnd Hitm tMmk ^rted (torn 
^wlhs alKPg Mm and stiiaks of 

bright red^ flSMJbw to what ^«IM0« 

19 Ifce atMMpli^te during a gwai fire 
m 9x^ ptfti pf libe nifAiiapatiSi, Fm 

^e^ in th^ jNmthwW^ aa if the wm 
liaA «st but balf an hmr ; and ^ tba 
ligj^t in tba north rai^mUad tbn 
MfMg twiUgbt which marks thai 
iwrt Af tha bMriiam ^t Mi4iion« 
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mer. Thomson, speaking of the 
aurora boreatis^ and other meteors, 
days— • 



-Silent from the north 



A blaze of raeteors shoots; ens weeping first 
llie lower skies, they all at once converge 
High to the crown of heaven^ and all atouce 
Aelapsing quick, as quickly re-asceod, 
And mix and thwart, extinguish and PpQew> 
All aether coursing in a maze of light. 

Jatnes* How do you account^ sir^ 
for the WilUwitb-the-wisp, or Jack-a- 
lanthorn, that is dose to the 'g<rouiid, 
where the air is thickest ? 

Tutor. This is a meteor, which 
seldom appears more than six feet 
above the ground ; it is always about 
bogs and swampy places, and these, 
in hot weather, emit what is called 
hydrogen, gas, or inflammaUe • air, 
which is easily inflamed, by theelec* 
trie spark. Thes^ therefore, as you 



ife mm u fni^y init«te w t^- 
aumrm bpim]isj«r>In iont (wts of 
I|«1]F» Mtteofs of thif kind ana |^ 
qwntijr vesy J^rge, an4 gira a ligHt 
equal to that of a toreh. 

WateTf^fmUs which ate londinoiqi 
aeon at b^^ am piipposed to aidao ftom 
tho power of olectrieitf. 

Chwki. I have bear4 of tiwio ; 
faet Z thought tiiat water-spouts at 
sea, and whirlwinds and humcanes 
bjr land, nnro pvoduoed soteljr by 
the fcrpe of tho wind. 

Ihifr. Tho win4 ii^ yadoiifatoiilf, 
one of the causes, but it w}li noil; ai> 
ooaat for every appearanee eonneeted 
uritki thmn. Watemspouts are oftea 
aeeo in calm weather, v^n the tea 
to boil, and send up a smoke 
them, rising in a scHrt qf hili 
towaidU the spout; A rumUiqg aeisf 

N 8 
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is ofteii heard ak the time (^ &eir 
appearance* which happens generaUy 
in those months that are pecuKarl^ 
subject to thunderstorms, and tit^ 
ate commonly aceompanied or .fol- 
lowed by lightniog* When these ap- 
proach a ship» the sailors ^esent and 
brandish their sword» to dii^rse 
them, which seems to favour thecon* 
elusion^ that they are electrical. * 

James* Do the swords act a$ con- 
ductors? 

Tutor. They may, certainly ; and 
it is known, that, by these ponHed 
instruments, they have been effec- 
tually dispersed* 

The analogy between the pheno^ 
mena of water-^spouts and electricitgr 
may be made visible by hanging a 
drop of water to a wire, commuot- 
eating with the prime conductor, and 
{)lacing a vessel of water under it 



In these circumstances^ the drop as* 
sames all the various appearances of 
ft water^spout, in its rise, form, and 
mode of disappearing. 

Water-spouts at sea are undoubt- 
edly veiy like whirlwinds and hurri-' 
caiies 1}y land . These sometimes tear 
up trees, throw down buildings, make 
caverns ; and, in all the cases, they 
scatter the earth, bricks, stones, tim« 
ber, &c. to a great distance in every 
direction. Dr. Franklin mentions a 
reikiarkaUe appearance which oc- 
curred to Mr. Wilkie, a consideraUe 
electrician. On the SOth of' July, 
1758, at three o'clock in the after- 
noon, he observed a great quantity 
of dust rising from the ground, and 
covering a field and part of the 
town in which he then was. There 
was no wind, and the dust moved 
gently towards the eadt, where there 



nacvmtemi, 

appeared a great Uack dMid; whidi 

electrified his ai^amtns pesitiveljr 

to a verjr high degvee. This daui 

went towards the west, the dust tei* 

lowed it^ and continued to rise higher 

and higher, till it composed a thick 

pillar, in the forni of a sug^loaf, 

and at length it seemed to ha in e<i|i» 

tact with the cloud. At seme dis^ 

tance from tUs, there came anotiiar 

great cloud, with a long stream tf 

sraaliev ones, which ekctriied Ms 

^pparattm negatively, ^nd whan ihajr 

came near ihe podtiire cloqd, a flndi 

of lightning was iM^en to dart Arough 

• the cloud of dust; upon which the 

negative cloi|ds spvead rerj^ nraeh, 

. and dissolved in rain, which pvesently 

'cleared the atmosphere. 

. : Charies, Is rain, then, an eleetri- 

f cal phenomenon ? 

; Wutor^ The niost enlightened and 
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best informed electriciaQS reckon 
nin, hail, and snow, among the 
effects produced by the electric 
fluid. 

James. . Do the negatiire and po- 
sitive clouds .act in the same manner 
as the outside and inside coatings of 
a diiurged Leyden jar ? 

Tutor* Thunderclouds frequently 
•do nothing more than conduct or 
convey the electric matter from one 
jdace to another* 

. Charles. Then they may be com- 
pared to the discharging rod. 

Tutor. And perhaps^ like that, 
they are intended to restore the equi- 
librium between two places, one of 
which has too much, and the other 
too little of the electric fluid. The 
following is not an uncommon ap« 
pearance : a dark cloud is observed to 
attract others to it^ and» when growit 



vMrmicar* 

td a eonsi<lerable sLae, its iinrar suiu 
fiice swMb in particular paris towiHrds 
the earth. During the time that tlie 
cloud is thus forming, flashes of lig^itu 
ning dart from one part i^ it to the 
other, and often flluminate the wfadle 
mass ; and small douds an obaenred 
moving rapidly beneath ft. Wheo the 
doud has acquired a sufficient extent^ 
the lightning strikes the earth in' two 
opposite plades. 

James. I wondev the diiefaai|f4 
dd6s not sha^e the earth, as the 
charge of vl jar does anj thing 
through whic^ it passes; 

Tutor. Every dischai^ of doMb 
through the earth may do thts, tiioij^ 
it is imperc^tible to us. 

Earthquakes are probably ocoa^ 
sloned by vast discharges of the 
efeetric fluid : they happen most 
frequmtly in dry and hot countries^ 



which Ate sttbj^fct to ligfatnfaig, md 
other electric phenomena: they are 
even foretold by the electric corruscar- 
tiena» and other appearances in the 
air for some days preceding the event. 
Besides, the shock of an earthquake 
IS instantaneous to the greatest dis- 
tances. Earthquakes are usually ac- 
companied with rain, and sometimes 
by the most dreadful thunder-storms : 
these, and other circumstances,* but 
especially the almost instantaneous 
motion of the shock, lead to the in-* 
ference, that electricity is the cause^ 
as being the main power in nature 
that acknowledges no sensible transi- 
tion of time in its operations. 

How greatly terrible, how dark and deep 
The purposes of Heav'n ! At once o'erthrown 
White age and youth, the guilty and the just-*^ 
Ohy seemingly severe ! promiscuous fall. 
Reason; whose daring ^e iq vaiq e%]^\ore0 
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The fearful providence, oonfas'd, sobdaed' 
To silence and amazement^ with due praise 
Acknowledges th' Almighty, and adores 
His will unerring, wisest, justest, best. 

Mallet. 
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CONVERSATION XIV. 



Medical Electricity. 

r • 

,* • 

. Tutor. If you stand on , the 
stool with glass legs, and hold ^tto 
chain from the. conductor while I 
work the machine a few minutes, 
your pulse will be increased ; that is, 
it^. will beat more frequently than it 
.did before. From this cbqumstance 
physicians have applied electricity 
to the cure of many disprders^ in 
some of which their endeavours have 
been unavailing, in others the suc- 
cess has been very complete* 

Charles. Did they do nothing niQiie 
•than this ? ^ 

VOL. VI. o 
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TiUar. Yes; in some cases they 
took sparks from their patients, in 
others they gave them shocks. 

James. This WNsId be no pleasimt 
method of cure, if the shocks were 
strong. 

Tutor. You know hj means of 
Lane's electrometer, described in our 
sarenth ConversMion, the iiiodk: may 
be given as dightly as yoo please. 

Charles. But how are shocks «on« 
veyed through any part of the body ? 

Tutor. Thei« sere machines «nd 
apparatus made expnsiAy fijr mediod 
purposes, but ^»ety end muf be ea^ 
swered by tlie instru^ 
ment juM refeiNd to. 
Suppose the elec^ 
trotneter to be fixed- 
to a Leyden ^ial, 
and Uie knob at a 
to touch the' conductor, noA iJkb 




knob B to be as ftr oflt as you 
mean the shocks to be weak or 
strong, a ehdiii cr wixe of sufficient 
length in to be fixed to the ting o of 
the eleotnotneter^ and anotter wire 
or chain to tke outside coating : the 
<tther endd of these two wires are to 
be fastened to the two knobs of the 
discharging mA. 

James. What nett is to be don^ 
if I wish to electrify my kae^ Ant 
instance ? 

Tutor. All you have to do^ is to 
bring the balls of the dischatgiog-itid 
dose to yonr knec^, one on the oDe 
side> and the other on the opposite side« 

ChdHes. And, at etery discharge 
of the Leydeti Jar, the taperabiindant 
electricity from Withinside will pass 
firom the knob at a to the knob B, 
and will pass thtough the i^re iid 
tbe knee, in its iitey to the outside of 

09 
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the jar, to restore to both aides an 
equiUbrittin. 

James. . But if it happen that a 
part of the body, as an arm^ is to 
be .electrified, how is it to be done, 
because, in tliat case, I cannot use 
both my hands in conducting the 
wires? : 

Tutor. Then you may seek the 
assistance . of' a friend, who will, by 
means of .two instruments, called ^i- 
rectorsy be able to conduct the fluid 
to any part of tlie body whatever. 

C harks. . What are directors ? 

Tutor. A director consbts of a 
knobbed brass wire, which, by means 
of a brass cap, is cemented to a glass 
handle. .So the : operator, holding 
these directors by the extremities of 
the glass handle, brings the balls, to 
which the wires or chains are at- 
tached, iato contact with the ex4;re<« 
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I i6itles of that part df tbe body df the 
patient through Which the iihock b 
to be sent. If I feel rheunlatic pains 
betwteen tAy^ elbow and WHst, and & 
person hold one dfn^tor at th6 AhbW 
und another about .the wrist, the 
shocks will pass through, and probii* 
bly will be found useful iti reffioring 
the complaii6tr 

James. Is it necfe^sarj to stated on 
^e glass-fooled itool to kave thii 
operatidn perfertned? 

Tutor. By no m^tis : Whefi ^kocka 
are administered^ thii pers6n who te^ 
ceives theih mUy stand as h6 pl(toses, 
either on the rtool, or on the ground ; 
the electric ^id, takinjs^ ihi nearest 
passage, will &lwa3rs find th^ «ther 
knob of the other director. Which 
leads to the outside of thd jar. 

Charles. Is it necessary to tnidce 
the body bare ? 

03 
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Tutor. . . Not in the case of shocks^ 
unless the coverings be very thick : 
buty when sparks are to be taken, 
then the person from whom they are 
drawn must be insulated, and the 
clothes should be stri{^ied off the part 
affected. 

James. For what disorders are the 
shocks and sparks chiefly used ? 

Tutor. ^ Shocks have been found 

* 

useluL in paralytic disorders ; in . con-, 
tractions of the nerves; in sprains, 
and in many other cases; but great 
attention is necessary in regulating 
the force of the shock, because, in* 
stead of advantage, mischief , may 
occur if it be too violent. . 

Chflrles. Is there less danger with 
sparks? 

Tutor. Yes; for unless it be in 
very tender parts, as .the eye, there is 
no great risk in taking sjparks : and 
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thej have proved very effectual in 
removing many complaints. 

The celebrated Mr. Ferguson was 
seized, at Bristol, with a violent sore 
throat, so as to prevent him from 
swallowing any thing : he caused 
sparks to be taken from the part 
affected, and. in the course of an 
hour he could eat and drink without 
pain. 

This has been sometimes found an 
excellent remedy in cases of deafness, 
ear-ache, tooth*ache, swellings inside 
the mouth, &c. 

James. Would not strong sparks 
injure the ear ? 

Tutor. They might: and there- 
fore the electric fluid is usually drawn 
with a pointed piece of wood, to 
which it comes in a stream, or, when 
sparks are taken, a very small brass 
ball is used, because, in proportion 



to tht si2e of the bull is th€ tisatiit 
the spark. 

The ehief diflBkmlty in adtnifibter- 
ing electricity, in a medical vieir^ 
condtstti in distinguishing th6 proper 
strength of the electric potrer that is 
required foir a giv^&n disdrder. Sbtte 
persoh^, Ihdeefl, regarding It as a oa- 
pridous agent in hiedical sctetiee^ 
abandon it altogether. 
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CONVERSATION XV. 



Of Animal Electricity : of the Tor-' 
pedo; of the Gymnotus Electricus ; 
and of the Sihirus Electricus. 

Tutor. There are three kinds of 
fish which have been discovered, 
that are possessed of the singular pro- 
perty of giving shocks very similar 
to those experienced by means of the 
Leyden jar. . 

Charles. .1 should like much to 
see them : are. they easily obtained ? 

Tutor. No, they are not: they 
are. called the torpedo, the gymnotus 
electricuSf qnd the silurus electricusn 
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James* Are they all of the same 
genus? 

Tutor. No ; the torpedo is a flat 
fish, seldom twenty inches lotig^ and 
is common in various parts of the 
sea coast of Europe^ The electric 
organs of this fish are placed on each 
»de of the gills^ nirherd they S3i txf 
the whde thickness of the aodmal, 
from the lofret to the upper mvSmse, 
and are covered by the common skin 
of the body. 

Charles. Can yoii lay hold of the 
fish by any other part of the body 
i^ith impunity ? 

Tutor. Not altogether so i for, if 
it be touched with one hand, * it ge- 
nerally communicates a veijr slight 
shock i but if it be touched with 
both hands at the same time, one 
being applied to the under, and th6 
cither to the upper surface of thfe 



bodys a Akock will be receive sioular 
to ihat which is weasimtd \>y th^ 
h^d&ai jar, 

Jame^. Will not the riiock bp 
S^ ^ both jbaods be put oo ooe 
<if tiie ^^LeetnoU argaw at the «iiip 
time? 

TuUr. No: Md this shows that 
the upper and lower surfaces of the 
dectrie lOi^gans a>rp in 4C^posijte states 
*of ^iedvicitjTp M^m&ixig to the po- 
«itifie and o^gali?^ fides of a Lcyrdeoi 
phial, 

Ckmici0 Ave the same jsiiibsta^ces 
conductors of the electric power oi 
the toifedo^ bf wbid^ artificuil ^ec- 
toeitjr is oopdueted? 

Tatar. Ye$, th^ «re; and if tbe 
fish, iostoad t)f beuig touched bj tbe 
hands, be tombed bf cooductiog sub- 
fitmmk as metsiSf tihe 4iock will be 
communicatfirii ti^iiwgib Ib^v^ TM 
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circuit may also be formed by several 
persons joining hands, and the shock 
will be felt by them all at the same 
time. But the shock will not pass 
where there is the smallest interrup- 
tion; it wiH not even be conducted 
through a chain. 

James. Can you get sparks from 
itr 

Tutor. No spark was ever ob- 
tained from the torpedo, nor could 
electric repulsion and attraction be 
produced by it. 

Charles. Is it khowij how the 
power is accumulated ? 

Tutor. It seems to depend on the 

will of the animal^ for each effort is 

accompanied with a depression of its 

eyes, and it probably makes use of it 

' as a means of self-defence. 

James. Is this « the case also with 
the other electrical fishes ? 
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^Tutor. The gymnotus possesses all 
the electric properties of the torpedo, 
but in a very superior degree. Thisr 
fish has been called the electrical eel, 
bn account of its reslemblance to the 
common eel. It is found in the large 
rivers of South Anierica. 

Charles. Are these fishes able to 
injure the others by this power ? 

Tutor: If spiall fishes are put into 
the water in which the gymnotus is 
kept, it will first stun, or perhaps kill 
them^ and, if the animal be hungry, 
it will then devour them. But fishes 
stunned by the gymnotus may be re- 
covered, by being speedily removed 
into another vessel of water. 
• The gymnotus is said to be pps^- 
sessed of a new kind of sense, by 
which it knows whether bodies, which 
are brought near it; are conductors 
or not? 

VOL. VI. V 



Charley Then it possesses the 
same knowledge by instinct which 
philosophers have gained by expe-> 
ijment. 

Tutfir. True. ThjB following ex- 
peiimepty among p|;hiers, is yerydeo 
cisive on this points 

£x. The extrenuti^s of two wires 
were dipped into the water of the 
vessel ia which the animal w^s kept; 
they were then bent^ extended a great 
m&jf and termin^t^d in two s^arate 
|;lasses full of water. These, wires^ 
being supported by non-conductors, 
at a cpnsiderahle distance from each 
other^ the circuit was incomplete: 
but if a person put the fingers of both 
hands into the glasses in which the 
witesi terminated^ then the circuit was 
Qomplete. While the circuit was 
incomplete the fiah never went near 
the extremities of the wires^ w if de* 
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siroitt 5f giving the shock; but the 
tnoment the circuit Wdd cottspletedf^ 
either by a jterson. Of aiiy othet con- 
ductor, the gymnotus immediately 
went toward the wires, aiid gave the 
sho(±5 though the completion of the 
circuit was out of his sight. 

James. How do they catch these 
kinds of ^h ; the man would^ pro- 
bably, let them go on receiving the 
shock ? 

Tutdr. In this way the property 
was, perhaps, first discovered. The 
gymnottis, as well as the others, may 
be touched, without any risk of the 
shock, with wa5c or with g^ass ; but 
if it be touched with the naked finger, 
or with a metal, or a gold ring, the 
shock is felt upon the arm. 

Charles. Does the siturus eledrl- 
cus produce the same effects as the 
others ? 
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Tutor. This fish is found in some 
river in Africa, and it is known to 
possess the property of giving the 
shock) but no other particulars have 
been detailed respecting it. 

With regard to the torpedo^ its 
power of giving the benumbing sen- 
sation was known to the ancients, 
and from this it .probably took its 
name. — In Firmin's Natural His- 
tory of Surinam is some account of 
the trembling-eel, which Dr. Priestley 
conjectures to be different from the 
gymnotus ; it lives in marshy places, 
from whence it cannot be taken^ ex- 
cept when it is intoxicated. It can- 
not be touched with the hand, or 
with a stick, without feeling a terrible 
shock. If trod upon with shoes, the 
legs and thighs are affected iix a 
^icnilar manner. 



The enterprishig Scientific If&vel- 
!er, Hambdidty feiiables ud t5 give A 
very satis&ctory trnswar to Jame^^s 
inquiry, as to the mod^ of Catching 
these eleclHc iSshes. Whett he Wai 
in South America he Was exceedingly 
anxious to obtain sothe of thesci ^ni- 
mals for his txjpeiiments. f'or this 
express pufpMe he stopped soifftd 
days, on his journey across the Lla- 
hos to the rii^er ApUre, ^t the small 
town oi Calabo;2:a, in the neighbour^ 
hobd Of ^hfch he Was informed thit 
they were tety numerous. He was 
conducted to the Cafio de Bera, the 
principal spot freiqiuehted by the 
gymnoti. It i§ a small pietie 6f 
shallow water, staghaint and Miuddy, 
But of the heat of 79 degrees, and 
surrounded ty a rich vegetation. 
Here he sood witnessed a spectad!^ 

p3 
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of the most novel and extraordinary 
kind. About thirty horses and mules 
were quickly collected from the ad- 
jacent Sayapnahs^ where they run 
half wild, and are only valued at a 
few shillings each. These the In- 
dians hem in on all sides, and drive 
into the marsh ; then pressing to the 
edge of the water, or climbing along 
the extended branches of the trees, 
armed with long bamboos, pr har- 
poons, they, with loud cries, push 
the animals forward, and prevent their 
retreat. The gyrnnoti, roused from 
their slumbers by this noise and tu- 
mult, mount near the surface, and, 
swimming like so many livid water 
serpents, briskly pursue the intru- 
ders, and, gliding under their bellies, 
discharge through them the most vio- 
lent and repeated shocks. The horoe^^ 
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coQVulaed aod terrified^ their manes 
erect/ and their eyes staring with pain 
and anguish, make unavailing strug- 
gles to escape. In less than five 
minutes, two of them sunk under 
the water, and were drowned. Vic- 
tory seemed to declare for the electric 
eels : but their activity now began to 
relax. Fatigued by such expense of 
hervous energy, they shot their elec- 
tric discharges with less frequency 
and effect. The surviving horses 
gradually Kcovered from the shocks, 
and became more composed and 
vigorous. In a quarter of an hour, 
the gymnoti finally retired from the 
contest, and in such a state of lan- 
guor and complete exhaustion, that 
they were easily dragged on shore by 
help of smaU harpoons, fastened to 
cords. This very singular method of 
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t&tehin^ the electric ^1 is^ in dBir- 
'sion to the mode of catchnig fish t»y 
'means of the inftision of narcotic 
pl&ntd, termed embafhasca't con ca^ 
battoi, or poiioning toith horses f 
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CONVERSATION XVL 



General Summary of Electricity^ 
tvith Experiments^ 

Tutor. You now understand what 
electricity is ? 

Charles. Yes ; it is a fluid which 
'seems to pervade all substances, and, 
when undisturbed, it remains in a 
state of equilibrium. 

James, And that certain portion, 
which every body is supposed to con- 
tain, is called its natural share. 

Tutor. When a body is possessed 
of more, or retains less, than its na^ 
tural share, it is said to be charged, 
or electrified. 
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Charles. If it possess more tlian 
its natural share, it is said to be posi" 
tively electri6ed, but« if it contain 
less than its natural share, it is smd 
to be negativebf electrified. 

Tutor. Does it not sometimes 
liftpped^ that the siline ^bstahcb fe 
both positifdj and negatlvelj el^- 
trifiedat the same time ? 

James. Yes: the Leyden jar is 
a striking instance of tins, in whicn, 
,iF th6 insid^ contain mote than its 
natural share, the bUtside will contain 
less than its natural quantity. 

Tutor. What is the distinction 
between conductors and non-con- 
ductors of electricity ? 

Charles. The electric fluid ^ses 
flreely through the for^er^ but the 
latter oppose its passage. 

Tutt>r. You know that eieclridly 
is excited in the greatest quantities 



by the fricUoQ of condbsf^ W<| 
nonconducting sutotancei^ ag^io;^ 
^ach other* 

Ex. Jlub )twp pieces of sealing-r 
wax, or two pieces of glasis, tcgethern 
an4 only a very small portipn of etoct 
tricity can be obtained ; therefore t^f 
rubber of a machine should be a con- 
ducting substance^ and not insulated. : 

Every electrical machine, with an 
insulated rubber, will act in three 
different ways : the rubber will prov 
duoe negative electricity: the con* 
ductor will give out positive electri- 
city: and it will communicate both 
powers at onqe to a person or subr 
stance placed bejbweeii twi? director! 
connected with them. 

James. How does the rubber pro- 
duce negative electricity ? 

Tutor. If you st^nd on a stool 

frith g\m }?gSf or vtm mj oth^r 
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non-conducting substance, atid lay 
hold of the rubber, or a chain that 
communicates with it, the working 
the machine will take away from you 
a quantity of your natural electricity : 
therefore you will be negatively elec. 
trified. 

Charks. Will this appear by the 
nature of the electric fluid, if I hold 
in my hand a steel point, as a needle ? 

Tutor. If you, standing on a non- 
conducting substance^ are connected 
with the rubber^ and your brother, 
in a simHar situation, connected with 
the conductor, hold points in your 
hands, and I, while I stand on the 
ground, first present a brass ball, or 
other substance, to the needle in 
your hand, and then to that in his 
hand, the appearance of the fluid 
will be different in both cases: to the 
needle, in your hand Jt will ^pear 
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a' star, but to that in your bro« 
ther's it will be rather in the form of 
a bru8h.^*What will happen if you 
bring two bodies near to one another 
that wre both electrified ? 

James. If they are both positively 
or both negatively electrified^ they 
will repel each other, but, if one is 
negative and the other positive, they 
will attract one another till they 
touch, and the equilibrium is again 
restored.' 

Tutor. If a body, containing only 
its natural share of electricity, be 
brought near to anbther that is elec- 
trified, what will be the consequence ? 

Charles. A quantity of electricity 
will force itself through the air,- in 
the form of a spark. 

Tutors When two bodies approach 
each dther, one electrified positively 
and the other negatively, the super- 

VOL. VI. Q 



^9bnii4ant dectridtj rushes vic^n^; 
froiQA one to the othe^ to festo;[:e the 
^uilibrium. What will hjetppeo if 
your bodjr, or mj part of i^ fbnifi 
part of the circuit ? 

James. It will produce ap electric 
shocks apd if^ instead of pne pe^soQ 
aloue^ mauj join hands, and form ^ 
part of the circuity they will all receive 
a shock at one and the i^ame instant. 

Tutor. If I . throw a larger qiianr 
tity of electricity than its naturi^ 
share on one 3i4e pf a piece of glass, 
what will happen to the other side ? 

Charles. The other si^de will he^ 
come, negatively electrized : tha^ i% 
it will have as much less than its na- 
tural share, as the other has qiK»e 
than its natural share* 

Tutor. Does electricity, coipfnu- 
nicated to glass, spread over the whole 
&ur£gupef 
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J^Suvss. 1^0 : glass being an ex* 
6ffl^t non-conductor^ Vbe dectHc 
fluid Will be Confined to tfie part bti 
^hicfa it is thrown : and for thiirt 
reason, and id order td appljr it td 
the whole surfhce, the glass is ca* 
vered with tin-fbil, which is called a 
coatihg. 

Tutor. And if a conducting com- 
munication be made between both 
sides of the glass, what takes {dace 
then ? i 

Chirlei. A dischaige; and this 
happens whether the glass be flat, or 
in any other form. 

Tutoy*. What do you call a cylin- 
drical glass vessel thus coaled for 
electrical purposes ? 

James. A Leyden j&r ; and when 
the insides, and also the outsides, of 
Several of these jars are connected, it 
ik called an electrical battery. 

q8 
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Tutor. Electricity^ in this'fonn^ if 
capable of produdng the most power- 
ful effects, such as melting metals, 
firing spirits, and other inflammable 
substances. — What effect have metal- 
lic points on electricity ? - 
. Charles. They discharge it silent- 
ly, and hence theur great utility in 
defending buildings from the dire 
effects of lightning. — Pray what is 
thunder? 

Tutor. As lightning appears to 
be the rapid motion of vast masses 
of electric matter, so thunder is the 
noise produced by the motion of 
lightning; and when electricity 
passes through the higher parts of tiie 
atmosphere, where the air is very 
much -rarified^ it constitutes the au- 
rora txHrealis. 

Ex. If two sharp-pointed wires 
be bent^ with the four ends at right 
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angles^ but pointing 
different waysy and *^]>|<^ 
they be made to turn J 

upon a wire x fixed on 
the conductor^ the moment it is elec- 
trified^ a flame will be seen at th6 
points abed; the wire will begin to 
turn routid in the direction opposite tb 
that to which the points are turned, 
and the motion will become very r&pid. 
If the figures of horses, cut in 
paper, be fastened upon these wiresf, 
the horses will seem to pursue one 
another, and this is called the electri- 
cal horse-race. Of course, upon this 
principle* many other amusing and 
very beautiful experiments may be 
made : and upon the same principle 
several (electrical orreries have been 
contrived, showing the motions of 
the earth and moon, and the earth 
and planets round the sun. 

q3 
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James. How da jou account for 
this? 

Tutor. Fix a sharp-pointed wire 
into the end of the large conductor, 
and hold your hand near it; no 
sparks will ensue ; but a cold blast 
will come from the point, which, 
when applied to light mills, wheels, 
&c. will turn them with great velo- 
city. 



GALVANISM, or VOLTAISM. 



CONVERSATION I. 

Of Galvanism ; its Origin : EjcpC" 
riments. Of the Decomposition of 
Water. 

Tutor. It has been observed, 
as long as I can remember, and pro- 
bably before I was born, that porter, 
when taken from a pewter pot, had a 
superior flavour than when drunk out 
of glass or china. 

Charles. Yes, I have often heard 
people saj so : but what is the reason 
of it? 

Tutor. Admitting the fact, which 
is, I believe, generally allowed by 
those who $tre Qiuch accustomed to 
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that beverage, it is now explained 
upon the principles of G&lDaAisM. 

James. Is Galvanism another 
branch of science ? is there a Galvanic 
fluid as well as an electric fluid ? 

Tutor. OF the existence of the 
electric fluid you now have no doiibt; 
the science of electricity took its 
name from electron, the Greek word 
for amber, because amber was one of 
the first substances observed to pro- 
duce^ by rubbing, the effects of at- 
traction and repulsion. Galvanism 
derives its name from Dr. Galvani, 
who first reported to the philosophical 
world the experiments on which the 
science is founded. 

Charles. Pray how was he led to 
make the experiments ? 

Tutor. Galvani, a professor of 
anatomy at Bologna, was one eveii- 
ing making some electrical experi* 
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m^nts, and on the table where the 
machine stood were s<»ne frogs 
skinned : by an accident, one of the 
company touched the main nerve of 
a frog, at the same moment that he 
took a considerable spark from the 
conductor of the electrical machine, 
and the muscles of the frog were 
thrown into strong convulsions.—- 
These, which were observed by Galr 
vani's wife, led the professor to a 
number of experiments, but, as they 
cannot be repeated without much 
cruelty to living animals, I shall not 
enter into a detail of them. 

James. Were not the frogs dead 
which first led to the discovery ? 

Tutor. Yes, they were : but the 
professor afterwards made many ex- 
periments upon living ones, whence 
he found, that the convulsions, or, as 
they are usually eaUed| the contract 



tions produced on the fro^^ mif hi 
Excited without the aid of any appa-* 
rent electrieity, merdy by making a 
commumcatioh bet^reen the nerVeii 
and the muscles With substances that 
are conductors of electricity. 

Charles. Which are the best con- 
ducting substance^ ? 

Tutor. All the metals : birt iinc 
and silver, or zinc and copper, pro- 
duce the greatest muscular contrao- 
tions. 

Charles. Are these experiments 
peculiar to frogs ? 

Tutor. No ; they have been suc- 
cessfully made on almost all kinds of 
animals^ from the ox downwards to 
the fly. And hence it was at first 
concluded, that there was an electric 
city peculiar to animals. 

James. You have already shown 
that the electric fluid exists in our 



^'m WpA maj h^ taken from thein^ 
independently of that which causei^ 
fibe contractions. 

J\itQr. I will 9how you an expe^ 
riment on this s^ibject ;— 4iere is a 
thin piec^ of zinc, which is a sort of 
metaUic substance, but not what is 
denjominated a perfect metal : lay it 
under your tongue, and lay this half- 
CFQwn f^pan the tongue ; do you taste 
apy thing very peculiar in the me- 
iab? 

Jame^, No, nothing at all. 

Tutor. Put them in the same poi- 
9itian 9gain, and now bring the edges 
pf th0 two metals into contact^ while 
^he ath^r parts touch the under and 
upper surface of the tongue. 

Jame^. Now they excite a very 
disagreeable ta3te, something like 
copperas. 

Tutor, Instead of the balf*<]r<^wnr 
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try the experiment witk a guinea, or 
with a piece of charcoal. 

Charles. I perceive the same kind 
of taste which James described* How 
do you explain the fact ? 

Tutor. Some philosophers main- 
tain, that the principle of galvanism 
and electricity is the same : and that 
the former is the evolution or emission 
of the electric fluid from conducting 
bodies, disengaged by a, chemical 
process ; while the latter is the same 
thing made apparent to the senses by 
non-conducting bodies. 

James. All metals, as we have 
seen, are conducting substances: of 
course, the zinc, the guinea, and the 
half-crown are conductors. 

Tutor. Yes, and so are the tongue 
and the saliva; and it is probable, 
that, by the decomposition of some 
small particles of the saliva^ the sharp 
taste is excited. 
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Charles. What do you meati by 
the decomposition of the saliva ? 

Tutor. We have, in our ChemisNi 
try, shown, that water is capable of 
being decomposed, that is, separated 
into two gases, called hydrogen and 
oxygen. 

James. Is saliva capable of beings 
thus separated ? 

' Tutor. Certainly ; because a great 
part of it may be supposed to be 
water; and the oxygen combines 
with t^e metal, while the hydrogen 
escapes, and excites the taste on thc^ 
tongue. 

Charles. The disagreeable, taste 
on the tongue cannot be di9|iutedy 
but there is no apparent change oa 
the zinc or the half-crown, which 
there ought to be if a new substance,* 
as the oxygen, has entered inta the 
combination. 

VOL. VI. E 



Tutors The change is,- perhaps^ 
too small to be perceived in this esL^ 
perimdnt; but in Others on a larger 
scale it will be verjr evident to the 
iight» by the ojptdation of the metals* 
J James. Here is another strange 
word. I do not know what is meant 
by oiddation. 

Tutar. The iron bars fixed bd^ 
Ibre the window ^ere ckan and al- 
most bright when placed there last 
sammer. 

Jathes4 But not being painted 
they ate become quite rusty. 

Tutor. Now, in chemical lan^ 
goage, the iron ia said to be oxidated 
insteai of nisty ; and the earthy sub- 
stance^ that may be scraped from 
them, used to be called liie calx of 
iron ; but it is, by modem chemistry, 
denomioated the oxide of iron; 

When mercury loses it& fine bright^ 
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ness^ by being long exposed to the 
air, the dulness is occasioned by 
oxidation t that is, the same effect is 
produced by the air on the mercury,' 
as was on the iron. I will give /you 
another instance. I will melt some 
lead in this ladle; you see a scum is 
$pMdily form^. I tak^ i| ^w«y» anci 
another will arise, an4 so, perpetually, 
till the whole lead is thus transformed 
fpto an ai^arantly dlfierenit substaQce : 
this is eaUed the oxide of lead* 

On the same principle wa obtain 
the oxides of the othi^ metabt and 
the.procesi by which ithe metahi nm 
converted into oxides is ^oatted mlda^ 
tiom Tjie pure metnls, as t ilvpr juid 
geldi ftre Aot easily oxidated ;. but 
lead^ copper, iron, zinc, &e« retdily 
bse their metalUc properties, iMd 
become oxides. 



I 
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CONVERSATION IL 



Galvanic Light, and Sh^ckS'^VoU 

taism. 

' Charles^ We had a taste of the 
Galvanic fluid yesterday ; is there no 
way of seeing it ? 

Tuftor. Put this piece of zinc be- 
tween the upper lip and the gums, as 
high as you can, and then lay a half** 
crown, or guinea, upon the tongue^ 
and, when so situated, bring the me* 
tals into contact. 

Charles. I thought I saw a faint 
flash of light. 

Tutor. I dare ^ay you did^ it was 



for that purpose I bade jou nuike the 
experiment. It may be dpne in aiv- 
other way ; by putting a piece of 
4ib?er up one of the nostrilS|. apd the 
ssmc on the upper part of the tongMe^ 
.^nd theUf bringiog the me^ls \n cqa- 
^ct^ the same effect will be [Vp- 
duncd« 

James. By continuing the contact 
of the two metals, the appearance of 
light does not remaii^. 

Tutor^ Np« it is visible only at 
the moment of making the contact. 
Yqu may, if you make the experi-i 
9iei|t with gr^t Mte^tiops pipt a small 
s)ip pi tiuTfoil pver the bfiU , of ope 
f^ye, and hold a tea-spoon in your 
mouth, and then, upon the com* 
munication between the spoon and 
the tin, a fkint Ught will be visible^ 
These escperimeuts are best performed 
ilitiiedark* 
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Charles. Is there no means *f 
making experiments on a lat^ 
scale ? 

Tutor. Yes, we have Galvanic 
(or, as they ought to be denominated^ 
Voltaic batteries, from Vd- 
ta,* the inventor of them) 
as well as electrical batteries. 
Here is one of them. It 
consists of a number irf 
pieces of silver, zinc, and 
flannel cloth, of equal sizes ; and they 
are thus arranged ; a piece of zinc, a 
piece cS silver, and a piece of cloUi 
moisteaed with a solution of salt in 
Water, and so on till the pile is com- 

• Gatvaui'a discoveries were the result of 
mere accident, and «ven bat trifling, in com- 
pariflOD of those made b; Volta, » cetebrated 
Italian, who improved tha few hints before 
him into an important body of sdence ; lience 
the term Volta isra has, in a great measure, 
super«ed»4thaCofGalTuiHit. Vott« dJwl Miiidi d» 
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i>leted« 1^0 prevent the pieces from 
fidiing, they are supported on the sides 
by three rods of glass stuck into a 
piece of wood, and down these rods 
slides another piece of wood, which 
keeps all the pieces in close contact. 

James. How do you make use of 
this instrument ? 

Tutor. Touch the lower piece of 
metal with one hand, and the upper 
one with the other. 

James. I felt an electric shock* 

Tutor. And you may take as 
many as you please ; for, as often as 
you renew the contact, so often will 
you feel the shock. 

Here is a different apparatus. 
In these three glasses 
(and I might use 
twenty instead of 
three) is a solution of salt and waten 
loto each, except the two outer ones. 
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is plunged a small plate ^t T^nfi^ aad 
aiiotfaer> of silver. These plates- are 
Blade to communicate with each o^he? 
by means of a tbin wive, Ihsteaed 
so that the silver of the first glass 
is connect^ with the sdac of the 
second ; the silver of the second with 
the zinc of the thirds and so eta ; 
now, if you dip one hand into the 
first glass, and the other into the 
last, the shock is felt. 

Charles. Will any kind of glasses 
answer for this experiment ? . 

Tutor* Yes, they will; wine« 
glasses^ or got^lets, or ftiger-giasses ; 
and so will china cups. 
. A third kind of battery;, whieh is 
the most powerful, smd the one that 
is most generally «nsed, in this. It 
consists of a trough of baked Wood, 
three inches deep^ and about as 
broad. In the siiles of this troogii 
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are gtobvG^ opposite to each other, 
and about a quarter of an inch asun- 




der* Into each paic of these grooves 
is put a plate of zinc, and another of 
silver, and they are to be cemented 
in such a manner as to prevent any 
communication between the different 
cells. The cells are now filled with 
a solution of salt and water. The 
battery is com[dete ; with your hands 
make a comikiunication between the 
two end cells. 

Charles. I felt a strong shock. 

Tutor. Wet your hands, and join 
your left with James's right, then 
put your right hand into one end cell^ 



and let James put bis left into th« 
oppoate one. 

James^ We both felt the shock 
like ai| electric sbock« \>\A qot so 
seyere. 

Tutor. Several persons may r&. 
ceive the shock togethers» by joining 
hands, if their hands are well moist- 
eited with water. The strength ef 
the shock . is: much dtmixiished by 
passing thFOugh ao limg a cinonft. 
The shock frcnn a battery conmting 
of fifty or Eoxty pairs of zinc and 
siWer, or zinc and copper, may \m 
felt as high as the elbows. And, if 
-five or six such batteries be imited 
with ncietal cramps the combifiad 
force of the shock would be audi 
that few would willingly take it a 
second time* 

Charles. What are the wires for 
at each end of the trough ? 
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Tutor. With these a ranety of 
expeiiinents may be made upon com4 
bustible bodies^ I will show you one 
with gunpowder, but I must have 
racourae to four troughs^ united by 
cramps, Co* to one mti^ larger than 
this« 

Towards the ends of the wires are 
two pieoes^ of glass tubed : these are 
for the operator to hold by^ while I^ 
directs the wires. Suppose now four 
or more troughs united, and the wir^ 
to be at' the fWO extaretnities^ I put 
some sfunpowder dn a piece of flat 
glass, and then, holding the wires dT 
the glass tubes, I^ bring the aids df 
them to the gunpowdei^, ai^, just 
before they touch, the gunpowder will 
be inflamed. 

Instead of gunpowdei^, gold and 
silver leaf may be burnt in this way t 
tther^^arila J9i* wiae^aad oitef io^ 



192 VOLTAMM. 

flammftUe substances, are ewniy fired 
by the Voltaic battery ; it will con« 
sume even small metallic wires* 

Copper or brasspleaf, commonly 
called Dutch gold, bums with a beau** 
tiful green light, silver with a pale 
blue light, and gold with a yellowish 
green light. 

James* Will the battery continue 
to act any great length of time ? 

Tutor. The action of all these 
kinds of batteries is the strongest 
when they are first filled with the 
fluid ; and it declines in proportion 
as the metals are oxidated, or the 
fluid loses its power. Of course, 
after a certain time, the fluid must 
be changed and the metals cleaned, 
either with sand, or by. immersing 
them a short time in diluted muriatic 
add. The best fluid for filling the 
cells with is water mixed with one* 
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tenth of nitrous acid. Care must' 
Always be taken -to wipe- quite dry 
the edges of the plates to prevent a 
communication between the cells : and 
it will be found, that the energy of 
the battery is in proportion to the 
rafHdity with which the zinc is oxi 
dated. 
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CONVERSATION IlL 



Voltaic Conductors— Circks-^Ta^ 
lies — Experiments. 

Tutor. You know that con* 
ductors of the electric fluid differ 
from each other in their conducting 
power. 

Charles. Yes, the metals are the 
most perfect conductors,_then char- 
coal, afterwards water and other 
fluids. — This you taught us in our 
second conversation on Electricity. 

Tutor. In Voltaism we call the 
former dry and perfect conductors ; 
these are the first class : the latter^ 



0t seeond class, imperfect conductors : 
and, in rendering the Voltaic powef 
sensible, the combination nutst con- 
sist of at least three conductors of th< 
different classes. 

James. Do you mean two of the 
first class, and one of the second ? 

Tutor* When two of these bodies 
are of the first class, and one is of 
the second, the combination is said 
to be of ih^Jirst order. 
^ Charles. The jiarge battery which 
you used yesterday was of the first 
order then, because there were two 
metals, viz. zinc and silver, and one 
fluid. 

Tutor. This is called a iim'fie Foir 

taic circle ; the two metals touched 

each other in some points, and at 

other points they were connected by 

the fluid, which was of a differenfi 

class. • 

S8 
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James. Will you give uis an ex^ 
Mdple of the second order ? 

Tutor^ When a person drinks 
porter from a pewter mug, the mois* 
ture of his under lip \s one conductor 
of the second class> the porter is the 
other» and the metal is the third body» 
or conductor of the first class. 

The discoloration of a silver spoon» 
in the act of eating eggs, is a Voltaic 
operation. A spoon merely immersed 
in the egg undergoes no discoloni'* 
tion, it is the act of eating that pro^ 
duces the change. This is a Voltaic 
combination of the second order, 
the fluid egg, and the saliva, are 
substances of the second clas9 of 
conductors^ and the silver of the first 
class. 

Charks. Which are the most 
powerful Voltaic circles ? 

Tutor. They are those of the first 



ta^evi whsate two laoUds, pf diffeteiii 
Agrees of oxidability, are oombiaed 
ynth a fluid capable 6f oxidating at 
Iea3t one of the feoiids. Thus gold, 
silver^ and wat^r^ do not form an 
active Voltaic circle ; but it wiU be- 
come active if a little nitric acid, or 
any fluid decompo^ible by sUver^ bq 
mixed with the water. An active 
Voltaic circle is formed of zinc, sil* 
ver, and water, because the zinc is 
oxidated by water. But a little nitric 
acid, added to the water, rendei^ 
the combination still more active, as 
the acid acts upon the silver and th»> 
zinc. 

The most powerful Voltaic com- 
binations of the second order are, 
where two conductors of the second 
class have diflFerent chemical actions 
on the conductors of the first class, 
at the same time that they act upon 

s 3 
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each other. Thus copper, silirer, or 
lead, with a solution of an alkaline 
sulphuret * and dilated nitrous acid, 
form a very active Voltaic circle* 
Hence the followiog 

* If equal quantities of sulphur and alkali be 
melted in a covered cruciblei the mass obtained is 
called an alkaline sulphunrt. 
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I. Table of Voluric circles of the fint order ^ com- 
posed of two perfect conductors, and one im- 
perfect condactor. 



Very Osidahk 



Less OxidahU 
Substances* 



OgidaHag 

Fluids. 



{With gold, cliarcoal,*^ Solutions of 



Ziac ....;.. < silver, copper, tin, 
* * (.iron, mercury 



Iron 



tin. 



{With gold, charcoal, 
silver, copper, tin 

5 With goldjsilver, char- 
coal 



Lead With gold, Sliver 



Copper With gold, sUver 



Silver With gold 



nitrio acid in 
water, of mu- 
riatic acid, 
and sulphuric 
acid, &c. 
Water hold* 
ing in solu* 
tion oxygen^ 
atmospheric 
J air, &c. 
Solutions of ni- 
trate of silver, 
^and mercury, 
nitric acid, 
acetous acid. 
Nitric acid. 



soo 
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II. Table of VoUaie oiicl^s of the second orders 
composed of two imperfect conductors, and ooo 
perfect conductor. 



Perfect Jmperfici Con-' 

Comiktctors. dudort. 

Charcoal..^ Solution of hydro* 

Copper. . . 1 genated alkaline 

Silver • • • • I sulphurets, capa- 

Lead.,..;^ ble of acting on 

Tin j the first tbre« me- 

Iron. .... J tais, but not on the 

2(inc ..... J last three. 



Jfmpei^9ei 
Conductors^ 

Solution of nitrous 
acid, ■ oxygenated 
muriatic acid, &c. 
capable of acting 
on all fiiB metals, 



I will now show you another, ex- 
periment, which is to be made with 
the assistance of the great battery ; 
A B exhibits a glass tube, filled 
with distilled water, and hav- 
ing a cork at each end : a and 
B are two pieces of brass wire, 
which are brought to within 
an inch or two of one another 
in the tube, and the other ends 
are carried to the battery, *oiz* a to 
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nrhat is calkd the positive end, and 
B to the negative end. 

James* You have then positive 
and 4iegative Voltaism^ a^ well as 
electricity ? 

Tutor. Yes, and if the circuit be 
interrupted, the process will not go 
on. But if all things be as I have 
just described, you will see a constant 
stream of bubbles of gas proceed 
from the wire B, which will ascend to 
the upper part of the tube. This gas 
is found to be hydrogen,, or inflam- 
mable air» 

Charles* How is that ascer« 
tained? 

Tutor. By bringing a candle close 
to the opening, when I take out the 
cork A, the gas will immediately in- 
flame. The bubbles which proceed 
fix>m the wire a are oxygen, or pure 
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air ; they accuntulate and stick about 
the sides of the tube. 

James. How is this experiment 
explained ? 

Tutor. It is believed that the 
water is decomposed, or divided into 
hydrogen and oxygen: the hydro* 
gen is separated from the water by 
the wire connected with the nega- 
tive extremity, while the' oxygen 
unites with and oxidates the wire 
connected with the positive end of 
the battery. 

If I connect the positive end of 
the battery with the lower wire, and 
the negative with the upper, then 
the hydrogen proceeds from the upper 
wire, and the lower wire is oxidated. 

If wires of gold or platina be used, 
which are not oxidable, then a stream 
of gas issuer from each, which may 
be collected, and will be found to 
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he a nixtuie of fajrdrogeii and 
oxygen. 

Charles. Are these no means of 
collecting these fluids separately ? 

Tutor. Yes; instead of making 
use of the tube, let the extremities 
of the wires, which proceed from the 
batter]^ be immersed in water at 
the distance of an inch from each 
other; then suspend 
oret each a glass 
vessel, inverted, and 
fuUofwat^, and the 

different kinds of gas will be found in 
the two glasses. 

It is known that hydrogen gas 
reduces the oxides of metals, that 
is, restores them to their metallic 
state. If, therefore, the tube be 
filled with a solution of acetite of lead""* 

* Acetite of lead is a solution of lead in acetou9 
4Gid« 
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in distilled water^ aad a oommum" 
cation be made with the battery, no 
gas is perceived to issue from the 
wire, which proceeds from the nega^ 
the end of the batteiy, but in a few 
minutes, beautiful metallicneedlesmajr 
be seen on the extremity of the wire. 

James. Is this the lead sefj^rated 
from the fluid ? 

Tutor* It is ; and you perceive it 
is in a perfect, metallic state, and vevf. 
brilliant Let the operation proceed, 
and these needles will assume the 
form of fern, or some other vegetable 
substance. 

Charles^ Is not the operation of 
the battery very powerful ? 

Tutor. The spark from a Voltaic 
battery acts with wonderful activity 
upon all inflammable bodies; and 
experiments made in a dark room, 
upon gunpowder^ charcoal, metallic 



wire^ and metallic leaves^ &c. may 
be rendered very amusing. 
. Jamtz^ Has not the Galvanic 
battery been applied to the decom- 
position of certain substances that 
were formerly supposed to be simple 
liodie^? 

; TulfT. Sir Hum{^ry Davy has, 
by means of a very powerful battery^ 
been enabled to decompose the al- 
kaliesy many of the earths, sulphur^ 
phosphorus, and charcoal: also the 
boracic, fluoric, and muriatic acids^ 
His first experimmts were on potash 
and 3oda, which, instead of beings 
simple bodi^, are found to consist of 
certain metallic substances, apd oxy* 
gen.-~See Didogues on Chemistry* 

Charl€$* Did he decompose these 
substances, by placing them within 
the circuit of the Voltaic fluid ? . 
. Tutor. H^ did, in a manfu^r very 
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atmilar to what jon have fleda in the 
experiments with the i^aMtus* The 
ftlkaliefl^ &c. were placed on the glass, 
and the two wires brought from the 
positive and negative ends of the 
battery* 

James. Did the wires partite of 
the like properties with the two ends 
of the battery ? 

T\Uor, They did \ one wire witt 
pDsitive^ and the other negative. It 
was then found, after the action of the 
battery, that of the two substances of 
which the alkali was composed, one 
uniformly Went to the positive, and 
the other to the negative wire. 

Charles. Yim said the alkali was 
discovered to consist of a m§tai and 
oxygen ; which of these united with 
the positive^ and winch with the ne* 
gative wire ? 
. Tiit9r. The oxygen was finind at 



1 



the ettd of the poiitiTe wii^ and the 
metal at the negative end. Hence it 
was infervedy tiiat oxygen was natii- 
raDy n^aii ve^ and theiefore attracted 
by the poMtive wire. 

James. Was the combination owing 
to the two substances being in epfo^ 
site states ? 

T\itor. It was ; and on this prind- 
|>le all the great discoveries of Sir 
Humphry Davy are founded. He 
finds^ fiN>m decisive experiments, 
frequently and most accunitdy re- 
peated^ that all bodies whidi chemi-* 
caHy combine are naturally in oppo* 
site states. 

Charles. But alkalies and acids 
dbenncaUy unite. 

Tutor. True; and alkalies, con- 
taining much oxygen, are naturally 
positwef but adds are naturally neg^^ 
five. Hence their immediate union 
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18 accounted &r cm the boftiinte laWd 
of electrical attraction. The two 
mbstances, being in opposite electri« 
cal states^ attract one anothw^ and 
the substance resulting from them k 
a neutral salt, possessing no electrical 
properties. 

James* Can this experiment be 
reversed ? 

Tutor. It may ; for if a neutral 
salt, a sulphate of soda, be brought 
within the circuit of a Galvanic bat^ 
terj, it will be decomposed^ and the 
acid, which is naturally negative, will 
be found at the positive wire, and the 
alkali at the negative wire. 

Charles. Do chemical qualities, 
then, depend on electrical powers ? 

Tutor. They are seen, as far as 
experiments have gone, to coincide 
with certain ele<^ical states of bodies 
in gaieral. Acida^ as we have ob* 



serredy are uniformly negative ; alka- 
lies positive. Inflaintnable bodies are 
highly positive : and all are found to 
lose the peculiar properties and power 
of combination, by a change of their 
electrical states. 
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CONVERSATION IV, 



Miscellaneous Experiments. 

Tutor. The discoveries of Gal- 
vani were made principally with dead 
frogs; from his experiments, and 
many others that have been made 
since his time, it appears that the 
nerves of animals may be affected by 
smaller quantities of electricity than 
any other substances with which we 
are acquainted. Hence limbs of ani- 
mals properly prepared have been 
much employed for ascertaining the 
Voltaic electricity, 

Charles. What is the method of 
preparation ? 



Tutor. 1 have been cautious iii 
mentioning experiments on animals^ 
lest thejr should lead you to trifle with 
their feelings: I must* however, to 
render the subject more complete, tell 
you what has been done. 

The muscles, that is, the flesh of a 
frog lately dead and skinned^ may be 
brought into action by means of very 
small quantities of common electri* 
city. 

If the leg of a frog recently dead 
be prepared^ that is, separated from 
the rest of the body, having a small 
portion of the spine attached to it^ 
and so situated that a little electricity 
may pass through it, the leg will be 
instantly affected with a kind of 
spasmodic contraction, sometimes sa 
strong as to jump a considerable 
idistance. 

It is now known that similar ef« 
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fects may be produced In the limb 
thus prepared, by only making a 
communieation between the nerves 
and the muscles by a (inducting 
Bubstance. Thus, in an animal re- 
cently dead^ if a nerve be detached 
from the surrounding parts; and 
the coverings be removed from over 
the muscles, which depend on that 
nerve ; and if a piece of metal, as a 
wire, touch the nerve with one eXf^ 
tremity, and the muscle with the 
other, the limb will be convulsed. 

Charles. Is it necessary that the 
(pommunication between the nerve 
and the muscle should be made with 
a conductingsubstance ? 

Tutor. Yes, it is : for if sealing- 
wax, glass, &c. be used, instead of 
metals, no motion will be produced. 

If part of a nerve of a prepared 
limb be wrapped up in a slip of tin* 



foil^ or be laid on a piece of zinc* 
and a piece of silver be laid with one 
end 4]pon the muscle, and with the 
other on the tin or zinc, the motion 
of the limb will be very violent. 

Here are two wine-glasses almost 
full of water, and so near to each, 
other as barely not to touch. I put 
the prepared limb of the frog, intd 
one glass, and lay the nerve, which is 
wrapped up in tin-foil, over the edges 
of the two glasses, so that the tin 
may touch the water of the glass ia 
which the liihb is not. If I now 
form a communication between thq 
water in ttie two glasses, by means of 
silver, as a pair of sugar-tongs ; or put 
the fingers of one hand into the 
water of the glass that contains thd 
leg, and hold the piece of silver in the 
other, so as to touch the coating of 
the neryes with it, the liaib will b^ 
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immedkteiy exdtedt and scmietiiiies, 
when the experiment is well madei 
the leg will even jump out of the 
glass. 

James. It is very surprising that 
such kind of motions should be pro- 
duced in dead animals. 

Tutor. They may be excited also 
in living ones : if a live frog be placed 
on a plate of zinc, having a slip of 
tin-foil upon its back, and a eommu*^ 
nication be made between the zinc 
and tin-foiU by a piece of metal» as 
silver, the same kind oi contractions 
will take place. 

Charles. Can this experiment be 
made without injury to the animal ? 

Tutor. Yes, and so may the foU 
lowing : — I take a live flounder, and 
dry it with a cloth^ and. then put it 
on a pewter plate, or upon a Iwrge 
piece of tin-foil, and place a piece of 



iSlret on^ its back ; I now inake a 
communication between the metals 
with any conducting substance, and 
you see the contractions, and the 
fish's uneasiness. The fish may now 
be replaced in water. 

I place this leech on a crown 
piece^^nd then, in its endeavour to 
move away, let it touch a piece of 
fine with its mouthy and you will 
see it instantly recoil, as if in great 
pain: the same thing may be done 
with a worm. 

It is believed that all animals, whe^ 
ther small or great, may be affected^ 
in some such manner, by Voltaism> 
though in different degrees. 

The limbs of people, while under-^ 
going the operation of amputation^ 
have been convulsed by the apidica<» 
tion of the instruments, an effect whick 
is easily explained by Voltaism# 
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By ttie knowledge already obtaiQj^ 
in this science, the following facts are 
readily explained. 

Pure mercury retains its metaUiit 
Splendour during a lopg time : but 
its amalgadi with any other metal is 
floon tarnished or oxidated. ' 

Ancient inscriptions engrave^ upon 
pure lead are preserved to this day, 
whereas some, metals composed of lead 
and tin, of no. great antiquity^ am 
very much corroded. 

Works of metal, whose parts are 
soldered together by the interpoisition 
pf other metals, soon oxidate about 
the parts where the different metab 
are joined. And there are persons 
who profess to find out seams in brass 
and copper vessels by the ton|^e^ 
which the eye cannot discover ; and 
ihey can, by this means^ distinguish 
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the base mixttires which abound in 
gold ^nd silver trinkets. 

When the copper sheeting of shipii 
is fastened on hj means of iron nails» 
those naite, but particularly the copper^ 
are very quickly corroded about the 
place of contact. 

A piece of zinc may be kept in 
water a long time, without scarcely 
oxidating at all; but the oxidation 
takes place very soon if a - piec^ of 
silver touch the 2inc^ while standing 
in the water. 

If a cup made of 2inc or tin be 
£lled with water, and placed upon a 
fiilver waiter, and the tip of the tongue 
be applied to the water, it is found to 
be insipid; but if the waiter be held 
in the hand, which is well moistened 
with water, and the tongue applied 
Bs before^ an. acid taste will be per-^ 
ceived* .... 

VOL* VU U 



; Gkatte^* Is that owing :to the ciiv 
cuit being noad^ coipplete hj the 
;wethand? 

Tutor. It is* Another experiment 
.of JBk. Bioodlar kibd is Uie foltowing : If 
4t tin bason be filled mth .soapi^udsi 
lime-water, or a strong ley, and then 
ithe bason be held in both hands, 
moistened with pure wat^, while the 
totigtie is applied to the fluid in the 
bason, an atid iute^ will be sensibly 
peroeived^ ttiough the liquor is nA 
haline. 

' ' From the Voltaic experiments of 
which I have thus ppeaented yon 
"with a shoit account, it has been ita«> 
&rred:*t-« 

(1.) . That it appears t6 be only 
another mode of exciting electricity. 

(2.) Voltaic electricity is produced 
hj the. chemical action of bodies upon 
Mcii other# . > 
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(3.) The oxidation of metals ap-t 
pears to prod we it in gr^t quanti- 
ties. 

(4.) Voltaic electricity can be 
made to sQt inflatnmpble substpinces 
on fire, to oxidate, and even inflame 
metals. 

(5.) The nerves of animals appeal^ 
to be most easily affected by it of any 
known substances. 

(6.) Voltaic electricity is con- 
ducted by the same substance^ a^ 
common electricity. 

(7,) When it is in^de to pass 
through an animal, it produces a sen ] 
sation resembling the electrical shocks 

(8.) The electricity produce^ by 
ihe torpedo and electrical eel is vQry 
similar tQ Voltaism* 
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APPENDIX 

to THB 

CONVERSATION 

« 

ON 

1. VOLTAISM* 



At the end of the fifth volume I promised 
to gipe some farther account of the recent 
dbcoveries tending to establish a connec- 
tion between voltaic electricity and mag- 
netism* I may now redeem that pledge. 

Some years ago several philosophers at- 
tempted to influence the magnetic needle, 
by placing it in the open galvanic' circuit; 
but no effect was perceptible. Mr. Oersted, 
secretary to the Royal Society of Copen- 
hagen, however, repeated the experiment 
when the galvanic circle was complete; 
and immediately found that the magnetic 



» 
needle was noved froih its podtion. Tbi 

apparatus whioh be fmt eKipkojed watt 
feeble^ Bat he afterwards provided OQe> 
that was much larger and more powerliil». 
Gonsjsting of 30 coppflr trioipfhs, each 1^ 
inches square, with a breadth of afaout 
^mches. The opposite extremitieB oi 
the pile were jatned by a metaUic wirfw* 
called the uniting ti/trv, ai)d the tenn el^ 
trie conflict was applied to the efcct wiuehr 
took place in the muting wive; and in* the! 
space round it. 

The principal results may. be ihm aan 
noimced :-^>-^ . . 

} • Above a magnetie needl% well «n»« 
pen^d, and in equilibrio in the magnetio 
itieridiany is placed a straight part of &» 
uniting wire, so as to be horizontal, and 
parallel to the needle, which may be done 
by* bendhig its efficacious part When this 
is done, the needle will be found to deviate 
fr6m its position i-^tke pole which is nearest 
the negative end of. the battery will move to 

u3 



^ westward; and, if the distoneefdf liiec 
iveedie frcmi the uniting wire does not ea-^ 
ceed tbree^bortfas of an iiicb, the dedi^ 
nation of the needle will be 45^* At 
grisator diatan^Ses^ the deolinattoa decreases 
prapartionatly ; and the distance remain*^ 
ing the same, the declination varies with 
the strength of die battery^ 

If the uniting wire is placed beloWf in^ 
stead of i^TCy the needte, the effects wUl 
be inverted ; and the pole which is neatest 
ike mgative end of the battery will move to 
ihe eastward. 

2. Hence it is inferred, generally, that 
if negative electricity enter <i6et;e the. pole 
erf* the needle* it wiH decline to the t&est ; 
and if it enter below^ it will decline to tbq 
eoit. 

3. If, when the magnetic needier is 
vendered horizontal by a counterpoiae, we 
phase the nntting wire in the same iiori« 
aotttal place, and parallel with it, no dc^ 
dination takes place, but the nee^e dy^Sf 



sotthat the pole where the neg(Ui$!e elec" 
trkityenteNf k deprmei^ wheiv the ijvive 
is Hlitaled on the weH side^ imd ekvaied 
vfhen it is situated on the east side» 

4. If the uniting wire is placed at right 
an^im to the magnetic roevidiany the 
needle rraiains airesif whether it be plaoed 
above or below the uniting wire; ex* 
GcpUtig in the case where it is very near 
tike pole ot the needk, and then the pole 
will be ekoated when . the negative . eke* 
iricity enters from the westf and depressed 
when it enters from the east. . 
. 5. When the uniting wire i$ placed 
vercicaUy) and receives the . negative elec- 
tricity at its upper end ; then^ if it is op- 
posite the pole of the needle it will turn to 
the east^ but if it is opposite to a point be- 
tween the pole and the c^tre of the 
oeedle^ittwill turn to the west. When 
the- negative electricity enters at the lower 
endf die phenomena are reversed. 

6* If the uniting wire is bent into the 
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form of a Z, sd as to form two parallel legs, 
it" attracts or repels the poles of tbef 
needle, according to certain circumstances 
of position. If we place the wire oppo-' 
site to one of the poles of the needle, the 
plane of the legs beipg perpendicular €6 
the magnetic meridian, the negative dec- 
tricitj entering by th^ east leg, and th^ 
positive by the west leg, the pole will be 
fuelled to the east or to the west accord- 
ing to the situation of the plane of the 
legs. But if the negative electricity en-i 
ter by the west leg, and the positive by 
the east leg, the pole will be attracted. If 
the plane of the leg is perpendicular to the 
magnetic meridian^ and opposite to a 
point situated between the extremity and 
the centre of the needle, all these effects 
will be inverted. 

The nature of the uniting wire does not 
modify these phenomena. Wires of pla- 
tina, gold,'silver, brass, iron, plates of lead, 
tin, &c. have been employed with equal 
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success: even metallic ribbons may be 
used. 

Experiments analogous to those of 
Oersted have been made by Sir Hum- 
phry Daivy, M. Ampere, M. Biot, Mr. 
Barlow, and others. It is hoped that ere 
long they will enable philosophers to trace 
and dcvelope, to a considerable extent^ 
the connection which subsists between 
common and voltaic electricity and mag- 
neUsm» But this pleasing result is not, as 
yet, obtained* 
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A. 

ABSORBy to drink m 

- AttiklertHti^i a body noring falter and faster 

jiction and n^acHmiy equal add coatrary^ ?ok I, p. 
118. Curious instance of, l| 188 

jidhsdon^ * sticking togetlier 

jHvf a fluids a pressure ef wbicb Is very great, tts 
nature and ases^ iv, l^^S* Its pressore, experi- 
ments on, iv, 22—44. Its weigfat, iwW proved, iv, 
4fi. Its einetictty, It, 65-»-69« Its compressiiia, 
iv, 68—77. Necessary to sound, iv, 90. Vekicle 
of heat and moistare. Appendix, iv 

Air-gun^ structure of, explained, iv, 86 — 90 

Air-pumpy described, iv, 9* Its strnctafe explaiaed, 
iv, 10^.14. fixperineato on, iv, 17, 99-^78 

^hokblt ardeni spirit i equal parll Of alcobol ftod w** 
ier make spirlls of wia« 
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AUiludety measured by the barometer^ ir, 204 
Anamorphoui, distorted images of bodies, ?, 134 
jincietUSf their mode of describing the coosteUations, 

ii, IS 
jingU, what it is, i, 5. How explained, ib. Rigbt, 

obtuse, acute, 6. How called, 7 
Animals^ all iLinds of, affected by Galvanism, vi, S28 
Aperture^ a small bole 

Aphelion^ the greatest distance of a planet from the 
• sun 
Apogee^ the sun*s or moon*s greatest distance from the 

earth 
Agnafartit^ of what composed, 1, IS ' 
Archimede$ proposed to move the earth, i, 1S7. fioaie 

account of, iii, 143* His inventions, iii. 144, Sis 

burning mirrors, v^ 103 
Arrowy to find the height to which it ascends, 1, 69—71 
Aimotphere, height of, iv, 808, Pressure of, on the 
. carih, 309. The effect of, y, 44, 45, 79. light 

refracted by, v. 79 • 

AUtMiioH^ tlie tendency which some parts of matter 

have to onite with others 
Altracti0n, capittarif, what meant by, I, S3* lUustrated* 

i,SS 
AUraction and Jtcpubipff, electrical, vi, IB 9iid 41 

' ■' - , magnetic, v, 833, &e. - 

Aurora BoreaUst vulgarly called ibe Northern Lights. 

Its use in the northern parts «f the globe, li, 188. 

]mitated»vi»133» A car UniMHC jtt«ilicd>.ii» JH> 
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BaUmeey hydrostatical^ described, lii, 121 ^ 

Balances, fals^i hqw detected, Ij 146 

BaU, why easily rolled, i, 79, Scioptric, lU effect. 

Barometer explained, iv,48 aod 188-«-S10, 1(8 can- 

Mructiou, iv, 189, Standard altitude of, Iv, 193. 

Variation of, ib. To measure altitudes with, iv. 

200 
Batteryy electrical, described, vi, 80. Experiments 

on, Yi, 85. Voltaic battery, vi, 186 
Beccaria, his observation on falling stars, Vi, .129 
^atfoio#ybydro«(atical, iii, 59 
fiirdf^ bow they support theniselves Id the Air, i, 

.. 1Q4 

Bissextile, the meaning of the word, ii, 1.18 

bodies, heavenly, why move in a curved path, i, 117« 

Elastic and non-elastic, illustrative of the third 
. law of motion. Weight of, diminished as the dit- 

tance from the centre of the earth is increased, i, 

58. Falling, the law of their velocity, i, 63. How 
■ to insnlate, vi, 29. Sonorous, elastic^ iv, 99. Hei^ 

venly, the latitude of, ii, 44 
Body, moving one, what compels it to stop, i, 98 
Bodies, their vis inertias, i, 109 
J9oyfe» Mr., first saw the electrical light, vi, 5 
iJnde'«(St.),church, damage by lightning, vi. 121 
Broome, poetical description of the moon by, ii, 41 
Bucket, how suspended on the edge of a table, 1^ 

90 
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Buffon, M.| his experitteot^ v, Utt 
J9u2^s, leadeoy bow taade to eolierif, ii S3 

ft 

Camtra obscura^ v, 214 

Cmmokf the sound Of, it, ^ 

Capitkurif attraationf flaldi attractcid aboVe their level 
by tabes at small as a hair 

Cardinal points f how distinguished, ii, 13 

CMttU9f Mr., bis electricai experimenis, vi, 110 

Catoptrics^ the soicnce of reflected light 

Cem^is^ Ii, 35 

Centre ofgravitif, the point of a body, on which, wheh 
Auspended, it will rest. Between the earth and 
sun, ii, 96. How applicable to the common ac- 
tions of^life, i, 84 

C^ritrifugal force is the tendency Which a body has to 
fly Off in a straight line 

Centripetal forc6 is the tendency which a body bad to 
another aboat which it revolves 

Chtaterton, his lines on the solar system, ii, 3fJ 

Cifdes, Galvanic, what, vi, 195, First order, lb. 
Second order, ib. The most powerful, vi, 197 

Clepsyira, principle of, explained, iii, 83 

Climates^ how improved, iv, dd8 

Clocks and Bials, tvhy (hey do not agree in the measnife 
oftime, ii,42, 128— 135 

Ckain-pumpf iii, 232 

€9h^Qnf attracticm of, U i^* l^vr deflstod, I, ISt. 



t fiistaiiee8,t,t9Sr Ki foi'ee, t, 0#b How ovidcomer 

ib. Instances of, i, 85 
Comings apparatus for, referred io^ f^'MK 
CbUl, iv, 956 

CoUrurtf the canse of, ▼• 8T 

Comets^ in what respects they resemble planets, Wf 
' 832; The heat of one calculated, ii, ib. If^w • 

theory respecting, it, 897«. Farts of comet, ii, 

838 
Compression, the act of squeezing together 
CondenstUion^ the act of bringing the parts of matter 

together 
Conductors^ electrical, nvhat meant by, vt, 15. Tabid 

of, 19. GalTanic,Ti,199. Perfect and imperfrctf 

▼i. 200 
Gt)tt«, double, why it rolls up a plane, 1, 88 
Conjunction^ planets when in, moon when, ii, 149 
Contact^ touching 
Converge^ to draw towards a point 
Cookery f some operations of, how accounted /or, i, 

26 
Crane, the principles of a, i, 164. One invented 

by Mr. White, i, 166. Distiller's described, iii, 

194 
Cuppingy the operation of, explained, Iv, 64 
Cups, hemispherical, experiments on, iv, 41 
Cylinder, how made to' roll up a hill, 1, 89 
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pamertf rope or iviff , how Hwy tuUmee tbcmelvrs* 

1,86 

Dancing Figurei^ electrical, vi, 52 

Day, astronomical, when begins, ii, 39. The difcr- 
eace between tlie solar andsidenal^ ii, 126 

Day and Nighi, how explained, ii, 82 

Da99 an4 Ifights^ why of different lengths, ii» 92. To 
wbom always equal, ii,-106 

Dectption, optical, U, 3. In feeling, ib. 

DecepUonSf on the public, by short weights, bow de- 
tected, i, 146. Occasioned by swift motions, ii» 
77, 78. Optical, v, 35—41, and 131, &c, 

ikdma^lofi, of the snn, 11, 38« Of the mooo, iU 40 

Degreei, how subdivided, Uf 34 

Delaval, Mr., his experiments on colours, v, 94 

JDejui(jf, compactness. Conuitutes specific gravity, 
iii.U2 

jD6», iv. 259 

Diagonal, the liues which join the opposite corners 
of a square or other right-lined figure 

tHgesUr, used for making soups, i, 28 

Direction, line of, how defined, i, 76. Must be with- 
in the base of a body that stands secure, i, lb. 

Distance, measured by sound, iv, 105 

Diver's BeU described, iii, 199. How used, iii, 204— 
206. Accidents with, iii, 207—208. Smeaton*f 
improvements on, iii, 209. Walker's Improve- 
ments on, iii, 211. Anecdote of, iii, 212 

Diverge, to spread out 



ihmnhig^ the daoger of, to inexperienced persons, 
iii, 176 

Barth^ centre 'of, why bodies move to ftj i, 59. Why 
not apparently moved, i, 54. Its shape, i, 60. Its 
diurnal motion, ii, 69^81. The velocity of its 
motion, ii, 79. When its motion is qaiclcest, ii, 
134. No argoments against its motion because 
not apparent, ii, 73. Its magnitude, ii, 79. Its 
- globular figure, Ii, 58. How proved, ii, 59—64. 
Its poles, what, ii, 66. Its axis, ii, ib. Its annual 
motion, ii, 92 — 98. Nearer the sun in winter, il, 
1 10. Its rotation, the most uniform motion in na- 
ture, ii, 126. A satellite to the moon, ii, 152. 

Eetrthguakes, vr, 142 

Echo, the nature of, explained, iv, 116. Curious 
ones noticed, iv, 128. Applied to the measuring 
of distances, iv, 129 

Eclipse, an occultation of the sun or moon 

EcNfses, the cause of, explained, ii, 156, 166. Total 
of the sun, very rare, ii, 164. Annnlnr ii, 165. 
Account of one teen In Portugal, ib. Supposed 
to be omens of calamity, ii, 166 

EcUpHcy the earth's annual path round the heavens. 
How dcfcribed, il, 24. How to trace the, Ii, 26^ 
29 

Effluma, fine particles that fly off from various bodies 

£^^5, discoloration of silver with eating, vi. 196. 

ElasUdfyf the quality in some bodies, by which the/ 

x3 
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recover tbeir former poaitions after being beiii« 
, What meant by, i. 39 
EkUrical Discharger^ ▼!> 89 
£(eclr/cy what meant by, Wyd. Ught, by whom first 

seen, ib. Table of electrics^ 19 
Electric apark^ vi, 96 
Eleciridtjf^ history of, vi, 1. Attraction, electrical, 

when first noticed, vi, 4. The two kinds, vi,43. 

Attraction . and repyUion, 54. Atmospheric, vi, 

116. Medical, vi, 145. Animal, vi^ 153. Voltaic, 

819 
JRiedronuier^ vi, 59* Lane's« vi» 79. Qoadrant, the 

use of, vi,8S, Another kind, vi^ 113 
Eiectropkifruef vi, 111 

M4iimH Harp, structure of, explainedy iv, 133 , 
EphtmeriSf ae almanac. White's, explained, ii, 32 
^fifnalor^Jiow described,, ii^ 26 and 67 
Equation of Time, 123—135 
Eguinoctialf what meant by^ ii, 67 
'* Evenings at Home^^' referred to, a work of great 

merit, i, $ 
Eye, the parts of which composed, v, 137 

Fahrenheit^B Thermomeier^iv^ S12 

Feathers^ electrified, their appearance^ vi, 4S 

Fire Engines described, and the principle of them ei- 

plained, iii, 228 
J^»A,how they swim, iv, 4. Air-vessel ofj the uses, 

iv, 7. Eiectric, vi, 58 
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JP%ilme2;a condaclor of sMod, iv, 94 

jPTea, circulation of the blood oFa» i, 21 

Flood'gateSy why made very tbicki iiiy 84 

flowert, colours of, v, 98 

eUtids and SoUdSf how dislingiiiahed, iii, 3. Particleg 
of, exceedingly small, iii, 7. incaiNiMe of com* 
pressiODy Ht, 11, 12 

Ftttida press equally in all direction. Hi, 20. In- 
compressible, iii, 24, Air, comfpressloa of, ib. 
Wei|^ and pressure of, experiments on, iii, 27— 
38. Uteral pressure of, iii, 39—46. Difference 
between the weight and pressure of, iii» 78, Mo- 
tion of, iii, 79—102. ExperimcnU on the light 
and heavy, iii, 162. Speciac gravity of, dif- 
fers according to the degrees of heat and cold, 

iii, 170 
Focus, imaginary or vertical, of a coneavc lens, v, 

74. Of a double convex ditto, 75 
Force, centrifugal, what meant by, i, 100 
FwnUain, in vacuo, iv,4S, artiftcial, iv,72 
Fountains, the principle of, explained, iii, 95 
FrankUuy Dr., discovers that lightning and electricity 

are the same, vi, 1 16 
Friciion, rubbing. Must be allowed for in Mecha- 
nics, i, 171 
Frog9t experiments en,- vi, 21 1 
Fulcrum, the prop or centre on which a Icvcf turns. 
What meant by, i, 133, 135 
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QahMody Dr,» his discoverlet, ▼}, ITO. Sxperlmenft 

oo frogs, ib. an^ 911 
Oar«atiic do^fertM, how formed, yi, 18ft. Sbocky vr^ 

1S9 
Qaivanitm, what It is, yi, 176* From what it derhred 

its oame, ib« The same as electricrty, vi, 180. 

Made apparent to the senses, ri, 184. Positive 
and negative, vi, 901. Summarf of, vi, 818 
Garden engines, described, iir, 9S9 
Gas, a kinti of air. Hydrogen, how procured, i},90U 

How collected, ib. 
Gauge, a measure 
Geocentric place of a phnet, what meant by, ii, 21 1. 

Longitude, ii, SiS 
Ghbe, the greater part of its surface water, iv, 14d. 

A representation of the earth, ii, 65 
Glue, tnr what used, i, 84 ' 

Gravitpf the tendency which bodies have to the centre 

of the earth. Centre of, what meant by, i, 75. 

How fonnd, i, TO. Acts upon all bodies, i, 49: The 

law of, i, 45 and 58. Illustrated, i, 44—47, and 

55—58 
Gravitation, attraction of, defined, 1,40. Instances 

ef| ib. By this force bodies tend to the centre 

of the earth, i, 43 
Gregory, Pope, rectifies the Jnltan year, il, 140 
Guinea, specific gravity of, iii, 123 
Gunpowder, how fired, vi, 191 
Gymnotus, described, vi, 157. Mode of catching, 161 
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SMmtf^ phfl680{ibiai}, iv, SO 

Hampsteadf the fine prospect from, v, IdS 

Hartnofiical glasses, \y,\d7 . 

Jimv^t4Mon, explftibcd, ii, 180-*189, Cause of, ii^ 
181 

^fUat ezpflods all bodies, i, 27, The cause of great, 
ii, 106. Scale of, iv. 226. Of a day, on irbat 
depends, iv. 254 

Height of an J place, how foandy i, 66 

fieUocenirie longitude^ ii, 210 

Jlersckely the planet, when discovered, ii|225.' Its 
ma|:nitode, distance, &c», ii, 53, 55, 226 

HUro^s croHfi^ cheat respecting, how detected^ HI, 
147 

Hogshead^ how burst, iii, 66 

Hooke^ «Dr.i. bis microiico^e» ▼, 202 

Jffop'WaggonSf dang;eron8 to meet iq an iflcllaiag road, 

/ if 85 

Horizon, the boundary where the sky seems %• touch 

. the surface of the earth or. sea« Sensible and ra- 
tional, ii, 83. To which we refer the rising and 
setting of the sun, it, 84^ 
Humidity increases the transparency of the atmo- 
sphere, iv^ 258 
HydrauticSf hydrostatic principles applied to mills, 

engines, pumps, &c« 
Hydrometer^ an instrument to measure the strength 
of spirits. Described, iil, I61-.171«i To what 

. applied, lii» 172 



Hgdroitatkit the origin of tlie terai| lil« t» Vm ob* 
jecAaof, i|>« 

ffjfiroMiaiiealbiaaneef iii, 181 

ffydr^iMUai MChm, dewrilMd tad explained, ill. 
59. Pressy iii, 67, and 8S4. Fluids, presgaie of, 
in proponioD to tlie perpeadlcalar lieigMi^ iii^ 



HydroOaikal paradox, explained, iii, 47*-58 
Hygrometer^ an instruawat by wliicii the moistaro of 
the air it measored. Its constructioa aid use, itff 
eSlr. Differant kinds of, !▼, 986^-941 

Jaek»a*Um^komf vl, 1961 

Jmmerse, to plange in 

Impei^ to drive on 

Inddenee, line of, iv, ISO. Aagle of, ▼, 19 

iiMMisd plans, i, 196 

/ttcompressi^fe, not capable of being pressed into a 

smaller compass 
InerHa of matter, its tendency to ooatione in the 

state in wMch it is . 
Ingenhom, Dr., referred to, I, 85. His character, 

i,36 
Jntersticet, the hollow spaces between the particles 

of matter 
Invisible Oirl, principle of its meehaalsn, i?, 1 1& 
Jtmi, oxide of, irl, 188 
Jupitmr, the pHwet; Its magnitude | distance from 

the son ; the velocity of Its motion^ li« 819. The 



lisftgtii •riti days and oigbti, 11,214. Satellitea, 
ii, 215 

JiUhu CffMf, tie patt he t<mk in f eformine the year, 
11, W7 

LateitM, fiidewise 

Z^irfflttde of tltt jitaneb, thdt- dSs(dnc6 from the fecllp- 

tic,H,44. P«rallMs of, il, 104 
Lead, eleveo times heavier than wat«r, lii, 44, 109. 

Oxide of, vi, 183. Acetite of, vl, 203 
Leaf, gold, ilWer, &c., how hurnt, ti, 191 
Leaks, in banks, how secured, iii, 87 
Leap-year, what meant by, ii, 138. Rnle for know- 

ittg, iif 139 

Lenaet, diiferent kinds described, ▼, 48. Focus, 50 

LeveU, construction of, iii, 17. iJge of, ib. 

Lev9r, a bar, crow, &c. For what used, 1, 13$. Why 
called a mechanical power, i, 185. Of the first 
kind, what instruments referred to, t, 142. How 
to estimate its power, i, 147. Of the second kind, 
what iostrnmenis referred td, i, 150. Of the third 
kind, what Instruments referred tn, }, 153, 154 

Levers^ how many kinds, i, 137. Their properties 
Ulusti^ted; i, I37'~143 

Lejfden phial, yI, 63. When first discovered, 67. He* 
tcription of, tO 

Light, its great velocity, how discovered, if, 216, and 
▼» 6» Of what composed, v, 2. Sun, subject to nor 
ipftmt ai«imio0>y, 4. 7he «OiiM Of Sighl t<r 
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th^plMeUury w9H(U»ib« IHoves io Binigllt liifes« 
V, 11, 12, Ray of, what meant by, v, IS, Re- 
flected and refracted, v^ l3-<-30. It^ jsreat advad^ 

tages, V, 78. A compounded body» v, 8h Galva- 
nic, bow perceived, vi> 184 
Liquids and Fluids, distinction between, iii, 5, 14 
Linesy right, what meant by^ i, 5, Hole 
London^ how supplied with water, iii, 97. Bridge, 

waterworks at, iii^ 98, 2S7 
Long days, the reason of, ii, 104 
Longitude of the planetSf &Ctj 45 - 
Lungs glass, iv. 81 

Machine, eleclrical, vi, 20, The most pi^werful 
yi,32 J 

Magic lanthprn, v* 2 1 3 

Magnet, described, v, 225. Its uses, v, 226. Direc* 
tive property, ib. ArtiOcial, v, 927, 230^ Pro- 
perties of, v, 231 

Magnets, how to make^ v« 241 
' Magnetic attraction jand repulsion, v, 233 

Marbles, reason why tUey roll to gr^aleror less dis- 
tance, i, 95 

Mariner* s compass, described, v, 249> Variation of, 
y, 251 

Mars, the planet, its distance from the sun ; jta ve- 
locity ; its magnitude, ^c.) ii, 206—212 

Matter, every substance with which we are vcqwint- 

^ 4ed» Hoyt dcfiped, i^ IP* Capable of Intoitedi* 
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vision, iy 12. Remarkable imtances of the Qioute 

9 

divisioo of, i, 1S| 16 
Mechanical powers, how manyi and what tb«y are, i^ 

129 
MeckamcSf importance of, i, 13h Power gained bj 

tbem« ib. 
Mercury, the planet, its situation, ii, 190, and Venus, 

wliy called inferior plaMets, ii, 190. Rarely seen, 

ii, 192. Its distance from the sun; its velocity; 

its size, &c., 11,193-^195 
Metals, some more sonorous than others, iv, 99 
Meteoric 8^one«/how accounted for, iv, 859 ^ 

Microscope, its principle. explained^ v, 197. Single, 

V, 199. How made, v, 203. Compound^ v, 205. 

Solar, V, 210 
Mirrors, the different kinds> v, i96. Concave, v^ 

104. Convex, v, 120 
Momentum, the moving force of a body« What meant 

by, i, 48. Illustrated, i, 49^51, and 123 
Money, counterfeit, wrong to pass it, iii, 155 
MontJi, what meant by, ii, 144. Difference between 

the periodical and synod ical, ii, 145 
Moon, to what laws subject^ i, 60. Its declinalion, 

ii, 40. Its southing, ib. Its distance from the 

earth, ii, 85. When in conjunction, ii, 149. When 

in opposition* ib. Probably inhabited, ii^ 153* 

Volcanoes in, ii, 154. Eclipses of, ii, 157 
•*«<- and earthy motion of, explained, ii, 146, 147« 

Shines with borrowed light, ii, 147* Xlie lejij|;tii of 

T0L.TU Y 
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her dtametery It, 14S. Phases of, explained, ii, 
150. Her rotation described, if, 161. Length of 
her day, ii, 159. Length of her year, li| ib. Harvest- 
moon, see Harvest 

Motion, centre of, what it is, i, I87. Laws of, i, 92. 
must be committed to memory, i, 106, 107 ; the 
first illttstrated, i, 93 ; the second illustrated^ i, 100 ; 
the third iUostrated, i, 101 

MotioM, circular, exist in nature, \, 108 

Muschenbroeck, M., describes the electric shock, vi, 
68 

MuUiplymg glau^ t, S21 

Musics insirumenU depend on the air for action, iv, 
133 

iVodtr, the point under out feet 
JVattfica/^foianoc, its use, ii, 30 
Heedie of tfaie mariner's compass. Dipping, r, 
249 

Nerves and Mustks^ how conductors of the Galvanic 

fluid, vi, 178 
New Style^ when adopted, ii, 130 
Newton, Sir Isaac, his experiments on electricity, vi,6 
Ninkkar^ M., his description of the electrical shock, 

▼1,69 
iVodM, the points In which two orbits intersect c'acli 

other, il, 158 
Nou-eondueiifn^ vf, 15 

t(^tHk9ik Mm, I, II f 
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Ohj€tti, bf what means Tisible, v« 99, The Image of, 

how painted on the eye, v, 145 
Oblat^, of t^e shape of an oranee 
Oersted, Prof., experiments on the magnetic Becdle« 

y\, 220 
Opaque^ dark 
Optical delusionSf ▼, ISl 
Orbily the path of ^ planet round (he san, or of a 

moon round its primary. The earth's orbit^ ii, 169 
ftxidoHon, what meant by the term, iri, 182 
Oxidcy the calx of a metal. What meant by the term, 

vi, 182 
Oppositionj when the nioon is in, il, 147 

Pakifj Vr.f his Natural Theology referred to, v, 1S0 

Fapin's digester described, 1,28, and !▼, 184* One 
burst, iv, 187 

Parkety Mr., his large burning-glass, ▼, 53 

Fendulum, i, 205. Its laws, i, 1^ 

Percustion, a stroke. What meant by, i, 1 II 

Phantasmagoria, v, 219 

Phenomenon, an appearance in nature 

Phial, Leyden, where discovered, vi, 67 

Philosophify.vfhtLi\i is, i,2. Natural and experimental, 
the introduction to, not difficult, i, 3 

PisUf tower of, leans out of the perpendicular^ i, 81 

PUvMy inclined, explained, i, 176. Examples respect- 
ing the, iy 178. What instruments referable to, i, 188 

PltmetSf their number and names^ li, 52. Characters 
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. of, ii, 57. 'Latitude of, ii, 44. The ordet of ihelt 
motions, ii, 52. How to find their distancesi ii, 
203, 204. Synopsis of, ii, 290 

JPneumatiet, what treated of ander, iv, I 

Points f cardinal, ii, 13 

Po£e-5^ar, its use, ii, 14 

PoleSf apparently stationary, iiy 88. Only one day 
and aoe night in the year at, ii, 105 

PresSf hydrostatical, iii, 67 

Priestley^ Dr., his History of Electrictty referred to, 

Tl,7 

Pric0, Dr., referred to, i, 62 
Prim^the effect of, v, 82, 167 
Puddling, what meant by the term, iii, 87 
PtUley, how explained, i, 168. The single g;ives no 
1 advantage, i, 169. Th^moveaMe, i, 17 1« Disadvan- 
tages attending pulleys, i, 173. Coneentric pulley, 
i, 174 
Pumpy principle of^ iii, 214—223. Forcing-pump 
described, Iii, 224* Rope«punp, iii, 329 f Chain- 
pomp, iii, 232 
Pyromettr, its construction and use, iv^ 230 

Qmtkdtoer, pressure of a column of, iv, 24 

Madiant'pointsy from whence rays of light flow in all 

directions* 
Mainbowp the cause explained, v, 165* Artificial^ ▼, 

174» Curious ones described^ ▼« 175 
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^iZa|(i| eaiMa o^, cyplained, Appeodix, if« An elec- 
trical phenomenon, vi, 140 
Rmn^gauget iti construction, iv, S42. How U is used, 

MojfB, pepcil of, what meant by, v, 46. Parallel, de- 
finition of, ib. 
jR^ctiouy rebounding back. Its powen in apparently 
multiplying objects, ii, 6. Line of, explained, iy, 
120. Of liglit, V, 16 
iZe/rocliofi, inclining or bending out of a direct course. 
Its power in apparently multiplying objects, ii, 9. 
Of light, V, 83. Optical deception arising from, 
v,38 

Repukion^ driving away. What meant by, i, 36. In- 
stances of, i, 37,38 

Residuum^ electrical^ what meant by, vi, 80 

HetrogratU motion, by which the heavenly bodies ap- 
pear to go baclc wards 

Reverberate, to beat back 

Miver, New, how it supplies London with water, iii, 
97. Ilescrvoii's belonging to, iii, 98, 99 

Riven, banks of, must be very thick, iii, 86 

Roundabouts, the principle of. i, 127 

Rope'pump, iii, 299 

Savery, Capt., supposed inventor of the steam engine, 

iv, 159 
Saliva, decomposed by Galvanism, vi, 181 
Sall^ whatever has a sharp tastci and is soluble in water 

y3 
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S«tt'«9af4r, heavier thatf freih, consequeeee of, io ft 
loaded vessel, iii, 173 

SatelliieSf. moons 

Saturn^ the planet, how known, ii, 219. Its magni- 
tude, ii, 21St; distance from tl^e sun; velocity of 
its motions, ii, 220. Its satellites and rings, ii, 221 
^223. The length of its day and night, ii, 224 

ScioptricBda^v,10 

Screwf an inc1|ned plane wrapt round a cylinder. Its 
principle explained, i, 190. Oi what composed, i, 
191 . Examples of i, 192. Used by paper makers, 
i, 198. Its power estimated, i, 190 

Seasotif the hottest, ii, 112 

Seasons, variety of, on what depends, ii, 99 and 107. 

, Different, bow accounted for, ii, 92, and 99U.I22. 
How produced, ii, 114 

Shadow^ the earth, its form, ii, 160 

Sight and smelHng^ compared, v, 15 

Signs^ astronomical, see Zodiac 

Silurus eUctricm described, vi, 1 60 

Silver, experiment with, vi, 185 

Slaves, how they get at their master's rum, iii, 164 

Smoke, (he reason of its ascent, iv, 80 

Smoke Jack, Us principle, iv, H3 , 

Solar system, described, ii, 47 — 57 

Solder, for what used, i,34 

Sound, conductors of, iv, 93. How far it may be 
heard, iv; 101, How fast it travels, iv, lOi. Ve- 
locity of, applied to practical purposes, Iv, 106 

Southing, moon's, ii, 40 
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Sparkf electrical, its nature^ vi, 99. Galvanic, its 
power, vi, 204 » 

Speaking Ttumpety iv, 109 

'— Images f Iv, 115 

Specific gravity^ what meant by, iif, 33. Of bodies 
explained and illustrated, iii, 103—- 162. How to 
find, iii, 108—121. table of, iii, 159 

Spectacles, their conjtraction, uses, and different 
kind(i,y, 156—164 

Sphity rectified, what meant by, lit, 169 

Springs, intermitting, explained, iii, 195 

Si, PaufSf whispering gallery of, principle explained, 
iv, 130 

Stars, how to find the names of, ii, 17 — ^22. Why 
marked on the globe with Greek characters, ii, 22. ■ 
Fixed, their apparent motion, ii, 88. Why not 
seen in the day, ii, 90. Fixed^ their number, ii , 
1 — 5, May be distinguished, ii, 11. Fixed, their 
immense distance, ii, 127. Fixed, description of, 
ii, 244-^249. Their uses, ii, 250. Falling, what 
they are, vi, 129 

Sleam-engine, its use, iv, 156. When invented, iv, 
158. Its structure, iv, 163. The application, iv , 
177, 178. That of Messrs. Whilbrcad described, 
iv, 180. Its power calculated, iv, 181. Accidents 

9 

occasioned by, iv, 182 
Steelyard, a sort of lever, i, 142. Its principle de- 
scribed, i, 142. Its advantages over a pair o 
scales, 1,144 
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Storms, by what occasioned , vi, 141 

Stylcynew and old, ii, 140 

Suction, no such principle in iiatarf|iv, 32^-4 1 

&^tpkurei, alkaline^ what, vi^ 198 

Sfinmei^, t^P \^ a year in some places, ii« 1 18 

Sun and clocks^ seldom together, ii, 43 

Sun, deplip^vMon of, ii, 38. Lpqgitnde of, ii, 45. Has 
not latitude, ii, 38. Its magnitude, ii, 49. Why 
it appears so small, ib. Its distance from the 
earth, ii, 49. Annual motion of, how observe^, ii, 
94. HeasoQs for, ii, 25. Nearer to the earth in 
winter than in summer, ii, 110. Eclipses of, ii, 
162. A description of, ii, S40 
Swimming, theory of, iii, 175. How to )>€ attained, 
iii, 176. Less natural to ipan than, to other land 

animals, Ut, 177 
Si^kon, the structure, of, explained, iii, 186. Its 

principle, iii, 188 
SjfH^ge, its structure explained, ir, 25. Con4en8ing 

one described, iv, 74 

TahUsj GaWnnic, vi, 199 

TangenU & straight line touching the circumference 

of a circle in one point 
Tan^i&fe, capable of being felt or handled 
!rantaluis cup, iii, 191—193 
Taste, a disagreeable one, excited by the union of 

metals placed on and under the tongue, vi, 179. 

How accounted for>Yi, ISl 
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Teleseopet refracting, explained, v, HT. Night, ▼, 188* 

Reflecting, explained, v, 190. Dr. Herscliers, v, 195 

Temperatures of the air, to what limited, Appendix,iv 

Terms, technical, derived from the Greek language,. 

iii, 1 . . > 

Thermometery its construction and uses, iv, Sll-'-SIdj 

Its scale, iv. «17. Wedgewood's iv, 223. Reaa. 

mur's scale compared with Fahrenheit's, iv, 227. 

Heat, scale of, iv,226 ' • 

Thunder, how produced, iv,27. Thunder clonds, vf^ 

141 
Tides, the causes of, explained, ii, 167-^178. Twd 

every 25 hours, ii, 179. Different in different 

places, it, 174. Wien the highest happen, ii, 176 
!7Vifie, equal and apparent, how distinguished, ii, 123— 

125. On what the difference depends, ii, 125. Equa^ 

tion of, ii, 43 and 123—135. Division of, ii, 143 
Time and space, clear ideas of, necessary to be formed, 

i, 129 
Torpedo described, vi, 154 
Torriceltian experiment, iv, 22, 191 
Transferrer, an instrument used in Pneumatics, iv, 38 
'Transit of Venus, her passage over the sun's face 
Trembling-eei noi'tceA, vi, 160 
Triangle, what meant by, i, 9. Any two sides of, 

greater than the third, i, 116 
Tropics, circles parallel to the equator 
Trumpet, speaking, described, iv, 109. When ftrst 

used, iv, 112 
Trumpets for deaf penons, iv, 1 14 
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tMlight^ the degree of light experienced beiwteit 
sun setting or rising and dark night 

Undulation, 8wingin|^ or vibrating 

Vacuum, a place void of air 

jKalvf^n sort of trap door 

Vmlnes, what meant l|y, iii, 215 

Vegetables, how*lfcnlchcd, ▼, 91 

Velocitjf^ a term applied to motfon, Acceler^tagi 
what meant by, i, 63 

V^w, the planet, its distance froiii the sun j the ve- 
locity of it| n^otiQii ; U» magnitodP, iif 191— 20U 
Why an eveniqg and why a ifornipg star, ii, 201. 
7ranfit of, what meapt by« ii, S02 

Vertifieri its construction and ase, iv, 194 

Vertex^ the top of any thing 

F>6ra|to% the swinging motion of a pendulum 

Vis Inertia, i, lOT— 109 

Vision, the manner of,T, 14T 

VolaHle, any light substance, that easily evaporates 

Vokanaes in the moon, ii, 154 

Voltaic batteries, y\, 189. Shock, vi, 184. Circles, 
vi, 195 

VoH«im, vi, 1 86, experiments, &c, 200 

Waft, leaning one, at Bridgenorth, i,81 
^itlter^ considered incompressible, iii, 11, Pofe 
rain, the standard to compare other bodies with, iii. 



•UOSBAliy AUD IVfiBX. U$i 

108. Weigbi the same «v«ry^liere| iii^ 109« kU 
ways deeper thitf It appears to be, Hi, 179 1 aad t, 

36. How raised from deep well% ill, 2SU Form* 
td of two gaseii iri, 181. Deaomposed, ti, ^08 

fVatef^presa, iii, 884 

^itUf'Spouti, their caose, vi, 13T. Mw dispersed, 
vi, 138 

FTeaMcr, rules forjudging of, iv, 248—252. Why 
very bright before roiit, Appeadi*, iv, 259 

fVedge^ a triaogular piece of wood or metal, to cleava 
stone, &e. Its principle explained, i, 184. Its 
advantages In cleaving wood, 1, 185. What instru- 
ments referred to, i, 187 

fVedgewood^s Thermometer^ iv, 223 

Weight, of bodies in vacuo, iv, 84 

JVeUy how to find the depth of one, i, 65 

Wheel and axis, described, i , 160. For what purposes 
used, ib« Its power estimated, i, 161. How in- 
creased, i, 162* Explained on the principle of the 
lever, i, 167 

Whispering Galiery^ iv, 130 

White, Mr. James, l^is invention of a crane, i, 166* 
His patent pulley, i,'H4 

Windj what it^, iv, 140, The cause of, iv, 141. 
Experiment oo, iv, 142 and 149. Definition of, Iv, 
144. Its direction denominated, lb. The cause of 
its variableness in Englaqd, iv, 150.. How to fin4 
itsvelocity, iv, 152* Table of, iv, 155 

fVindf^ how many k\ad»f and wby W9 wmcdi irf 144 * . 
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^fnilw, rope-pa inp at«^ S31 

Jfiiuir, wbf cDldcf iban Sie aiuorffcr, ii, I IS 

Ytar, \ti Imgib, hoc mea^nred, ii, 131. GregoriaB, 
nboc mrant bj, ii, HO. The beginning of, changed 

, from (be tSlli of Harcb to tlie Ul of January, 
ii, 148 

Jtnilh, Ibal point ef ilie bewens over poe't lieail 
^iac, ex|ierimenl with, vi, 179 

Xtdiec, a belt in tlie heaveDj, liileen il^r»i lirDad, 
through whicb Ibe ecliptic Toot. Signs of, ii, 33< 
Dr. Waits's linei on, ii, 36. 
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